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I INTRODUCTION 
The Doebner Modirieation or the Knoevenagel Reaction 
rurnishes~,~-unsaturated acids (I) by the combination or 
an aldehyde with malonic acid in the presence or pyridine 
and a trace or piperidine. 
RCHO P'I~IDJtl€ Plfe=f<lDIAl~ Rc~ ~ct+eooH I 
Several textbooks and re:f"erence works (2), (3)~ (4), (5), {6) 
suggest that the Doebner modi:f"ication proceeds through a 
benzalmalonic acid intermediate. For example, the following 
path has been suggested by Fieser (3)z 
Rosenberg (l) used methylmalonic acid in place of malonic 
aoid in the reaotion with benzaldehyde. In the methylmalonio 
acid reaction, an intermediate analogous to II is structually 
impossible. Yet, o< -methylc innamic acid {III) was obtained. 
This result prompted inve&tigation or two aspects or the 
Doebner process; (a)~ mechanism, with emphasis on the 
reactions or monosubstituted malonic acids, and {b), utility 
ror the preparation or~~substituted ~~~-unsaturated acids. 
The major portion or the work to be described in the 
rollowing pages was directed to (b), that is, the exploration 
1 
of· the preparative value of' the Doebner modification of' 
the Knoevenagel reaction with monosubstituted maloni~ acids. 
It will be shown, that as a result of' this research, a 
superior method of preparing~-substituted cinnamic acids 
has been made available. 
The results of' experiments performed on the mechanism 
of: the process suggest possible involvement of' a Mannich 
process rather than an Aldol p~ocess as the f'irst step. 
In the following pages, methods of' preparing«,~­
unsaturated acids (i.eo, the Perkin reaction page 3 ; the 
Doebner modi.fication of the Knoevenagel reaction pageJ ; 
and miscellaneous methods page 30 ) are reviewed. The 
mechanism of the Perkin reaction and th~ Doebn.er modif'i-
cation of' the Knoevenagel reaction are discussed on page 
S and page 17 respectively. A.fter a summary of new results 
(p.3~), the work is described and discussed at some length 
(p.3K )o Experimental details are given on pagel~l. 
2 
II Background 
The present work is directed toward the preparation o~ 
~~~-unsaturated acids and a study o~ the possible mechanism 
o~ the reaction. The .following pages give a brie~ account 
of other pertinent methods of preparing o<,~-unsaturated 
acids so that a comparison of yields and mechanism may be 
made with the present method. 
Ao ~Perkin Reaction (9)o 
In 1868, Perkin {7) synthesized coumarin by heating 
the sodium salt o.f salicylaldehyde with acetic anhydrideo 
In 1877, he (8) prepared cinnamic acid by heating benzalde= 
hyde, sodium acetate, and acetic anhydrideo The general 
reaction, heating an aromatic aldehydeg an acid anhydrideg 
and the salt of the acid to ~orm a cinnamic acid (IV) has 
become known as the Perkin reaction. 
lo Aldehyde components ,!!! ~ Perkin reaction. 
The Perkin reaction is generally limited to aromatic 
aldehydeso Table I (p. 4) summarizes the yields of einnamic 
acids obtained ~om the reaction of various substituted 
benzaldehydes with sodium aeetate and acetic anhydride. 
The yields given in Table I are not generally the only ones 
reported, bu.t are results obtained under similar reaction 
conditione .. 
From the table, it is apparent that ehloro and nitro 
substituents in the ring aid the reaction, whil~ methyl, 
3 
Table I 
Yiel'ds of c innam.ic acids from varioue substituted 
Ring 
Substituent 
None 
2=Chloro 
3=Chloro 
4-ehloro 
2 ... Nitro 
2-Nitro 
3-Nitro 
4-Nitre 
2-Methyl 
)-Methyl 
4-Methyl 
benzaldehydes under Perkin conditions. 
~. Yield Refo 
52 (10} 
71 (10} 
63 (10} 
52 (10) 
75 (10} 
95 (11) 
75 (10) 
82 {10} 
15 {10) 
23 (10) 
.3.3 (10} 
Ring 
Substituent 
4=Isopropyl 
2=Met hoxy 
3=Methoxy 
4=Methoxy 
2g3-Dimethoxy 
3i4-Dimethoxy 
4~Dimethyl= 
amino 
2g4,6=Trimethyl 
3g5=Dinitro 
2g4,6=Trimethyl 
2,6=Diohloro 
.;, 
; ~ 
i 
J 
% Yield 
42 
55 
40 
20 
1.5 
20 
0 
60 
7 
82 
4 
Refo 
(8 ) 
{6} 
(12} 
(12} 
{12) 
{12} 
{1.3 ) 
( 12) 
(10) 
(10} 
methoxyg isopropyl$ and dime thylamino substituent s in the 
ring cause decreased yieldso 
Sterle e~~ects appear to operate in the cases studied 11 
but are presumably of less importance than electronic errectso 
Thus 11 2 11 4 11 6=trimethylbenzaldehyde gives poor y~elds,~~ but 
2 11 4g6=trimethy1=3 9 5=dinitrobenzaldehyde which i~ at least 
as hindered gives yields which are good ror the Perkin 
reactiono 2 11 6=Dichlorobenzaldehyde gives better yield8 
than the less hindered 2=chlero compoundo 
2o ~ component~ £! ~ Perkin react ion. 
The Perkin reaction is limited to carboxylic acids and 
anhydrides having methylene adjacent t o the carbonyl groupo 
The isolated examples of other ac id~ which reac t under Perkin 
conditions are disC!n!~s ed on page 1/ o 
Alkylacetic acids having a straight chain alkJl substi= 
tuent react to give the corresponding ~=alkrle inn~ic ac idso 
Propionic (6) 9 (14) 9 (15)p (16)P (17 ) 9 (18)~ n=butyric (8) 9 
. (19))) (20))) (21) 9 n=capronic (22 ) 9 and palmitic ( 23), anhydrides 
in the presence o~ the sodium salts or the corresponding acids 
have been ~ound to give 91 satis.factory~1 reactions o Is o-ralerio 
aoid 11 however 9 gives very small yields o~ the ~=isopropyl 
derivatives ( 24) o o( =Aryl ( 25) 9 ~=thiol { 26) 9 and o<=aeeta= 
mido (27) acetic acids have also been employedo 
Mechanism of the Perkin r eaction. ~~~~~ ~ =-- . 
Although some early workers 9 eogo Fittig (28 ) p maintained 
that the Perkin reaction pr oceeded by means of the conden= 
sation of the aldehyde with the salt of the acid 9 Perkinns 
5 
original view that the o onden~ation was between aldehyde 
and anhydride has been substantiated. 
Thusi condensation occurred bet ween benzaldehyde and 
acetic anhydride in the pre~eno e of inorganic and organic 
baaesg bttt no condensation occurred with benzaldehyde and 
sodium acetate in the presence of the same oat·alysta ( 29) o 
Ofteng when the anhydride does not oorres~ond t o the salt 9 
oinnamio.aoid products derived from both anhydride and aal t 
are obtainedo This doe~ not mean that the salt reaetsi but 
rather that the salt (~ ) and the anhydride (VI) can exchange 
tunctiona UBder the conditions of. the Perkin reao tiono 
For example, Brealow and Hauser (20) stu.died the reaction 
of benzaldehyde with acetic anhydride and sodium butyrat ep 
and with butyric anhydride and sodium aoe.tateo The products 
from either pair of reactants were both oinnamie aoid and 
~-ethyloinnamio ac ido The same relative amounts of the two 
products were obtained when the anhydride=salt syst em was 
given the opportunity to equilibrateo 
The Perkin reaction is generally believed to involve 
an Aldol reaction or aldehyde and anhydr ide followed by 
formation of t he oinnamio aoido Evidence supporting an 
intermediate product of the aldol type ha~ been obtained 
in oases where the formation of a cinnami~ ac id is bloekedo 
For example 9 wh~n benzaldehyde 9 sodium i~obutyrate 9 and 
isobutyric anhydride are heat ed at 100° (63) 9 the i~obutyryl 
6 
d.e~ivative of' o<~-dimethyl-~-hydroxy-~=phenylpropionic acid 
(VII) and the mixed anhydride of' this acid with isobutyric 
acid (VIII) ere obtained. 
<()WO + (~c.~~1o-~c~(t!Q., +(t-~3),_c.U CDa"-
L ~ ~0 0 cf> -CM-C ~ij ~-C.#- c.-~-o.!Lci(CJQ,_ 
6 ~3 + ? d~ 
0= ~ -C.U(CA/~)~ 0:: t-c.ij(CJI~~ 
~ Jllli. 
The products VII and VIII probably arise f'rom the reaction 
of' isobutyric anhydride with the :f"ir~t :rormed aldol products 
VII A and VIII Ao 
CJI~ 
I 
. tf\- Cl4- C.. -tOOH 
, I I 
o# ~w~ 
-mA 
7 
B. !B! Doebner_Modirication Q! ~ Knoev~nagel Reaction. 
In 189·~, Knoevenagel { 30) treated aldehydes with malonic 
acid in alcohol solvent in the presence or ammania or a 
prim~ry or secondary amine. The products or this Knoevenagel 
reaction are the same as rrom the Perkin reaction, t.e. o( .~­
unsaturated acidso In knoevenagelts reactions, reaeti0n 
time was shortened, reaction temperature lowered, and yields 
i:aoreased as compared to Perkin eonditions J. 
Although Verley (31) was the rirst to use pyridine in 
the modirioation of Knoevenagel's work, Doebne:ros name has 
become associated with this modification, probaply because 
of his application or the reaction to many aldehydes (32)o 
Doebner used pyridine as solvent» and a trace or piperidine 
as catalysti 
'P'/611?!1.1;' ) 
Both the Klloevenagel reaction and the DC!>ebner m.odirica-
tion are userul reactions with aromatic and aliphatic alde-
~ 
hydes. The Do;bner modirication~ however, has distinct 
advantages. The yie l ds are usually greater~ and also, t he 
Doebner modification will yield a higher percentage or 
«,~-unsaturated acid than the Knoevenagel reaction from the 
same aldehyde. Structure permitting, both procedures may 
yield some~, 'I as well as"' ~~=unsaturated acids (33). 
1. Carbonyl components in the Do~bner modification. 
Th• Doebner modification of the Knoevenagel reaction 
is generally limited ·t o aldehydes. Table II (po 9) summarizes 
the yields obtained from the reaction of subs t ituted benz= 
8 
Table II 
Yields of cinnamic acids from various s·ubst ituted 
benzaldehydes under noebner conditions. 
?>'RrpttJE > 
?r PE~r DttJE A({ C..H =CHCOOH 
Ring Ring 
~Yield . 1. Yield Substituent Ref. Substituent Ref. 
- ·-
•• • ~ • ...:.1· ' 
-
None 90 (34) 4-Isopropyl 64 (35) 
2-Nitro 73 (34} 2-Methoxy 8'0 ( 35) 
3-Nitro 90 (34) 3-Methoxy 90 (36) 
4-Nitro 82 (34) 4-Methoxy 80 (34) 
4-Methyl 87 (34) 2, 3-Dimethoxy 95 (37) 
2,4,6-Trimethyl 10 (12) 3,4-Dimethoxy 85 (38} 
3, 4-Methylene- 85-90 (35) 4-Dimethylamino 85 (39) 
dioxy 
Table III 
Yields otol.. .~-unsaturated aeids !!.2..!!! various aliphatic 
aldehydes and ketones under Doebner · conditions. 
R, 
ci-IJ.l c.ooH-)J. e:tRIDirJE" R c -=0 + ) 'c-= ct+ coo~ R• / f1PER1 t>r/JE p!,/ 
Reactant ~ Yield Ref. Reactant ~ Yield Ref. 
Paraldehyde 40.5 (40) Citronellal 37.8 (40) 
Acetaldehyde 75 ( 34) Citral 74 0 2 (40) 
Propionaldehyde 76.8 (40) Cinne.maldehyde 76.5 (40) 
Isobutyr- Acetone 60 (34) 
aldehyde 38.5 ( 40) Diethyl ketone 35 (34) 
Isovaler- Cyclohexanone 5 (34) 
aldehyde 40.4 (40) 
9 
~l~ehydes with malonic acid in the presence of pyridine and 
piperidine. 
No relation appears between the type of ~roup on the 
benzene ring and yiel4 .. !"rom Table II. 
Little work has been done on possible steric effects 
of bulky groups in the ortho positians, although 2,4,6-
trimethylbenzaldehyde giTes a poar yieldg as it did under 
Perkin conditionso 
Table III (po 9) gives yields of d g~=umu.turated acids 
obtained in the reaction af aliphatic aldehydes and ketones 
with malonic acid Wlder Doebner oo:nditionso 
2o Acid components in !h! Doebner modifioationo 
There are no oases reported in the literature of 
reactions of monosubstituted malonic acids with aldehydes 
under Doebner conditions, although Johnson ((9) Po 235) 
states: 
"o•oo Neith~r the Doebner nor the Knoevenagal modifi= 
eation is used for~=substituted a,innamic ~eids aa the 
requisite monosubsti t uted maloniO. acids are not readily 
accessibleo" 
and again ((9) po228 )g 
1
' o o o 0 No doubt ot her alkyl= and ar yl=malonio ao ids 
WOUld react with benzalde:Q.yde to give~ =SUbstit uted C in= 
hamic acidsp but these reactions would be of li t tle pre= 
parative value.n 
The first statement implies that both the Doebner modifica= 
tion and the KnoeTenagel reaction have been successful wfth 
monosubstituted malonic acidso The Knoevenagel reac t ion 
has been used with monosubs tituted mal onic ac ids 9 ieo by 
Rodionow, as i s discussed on page 1~ o J ohnson 9 however, 
10 
gives no supporting evidence ~or the implica t ion that the 
Doebner modi~ication has been used with monosubstituted 
malonic acids, nor could any be lccateci. Johnacmua second 
· statement probably re~ers to reactions under conditions 
resembling those o~ the Perkin reactiono 
Methylmalonie acid has been used, but under conditions 
similar to those used in the Perkin reactiono Stuart (41) 
?btained ~~methyleinnamie acid ~rom the condensation o~ the 
sodium salt o~ methylmalonie acid with benzaldehyde in the 
presence o~ acetic anhydrideo He also reports the rormation 
of cinnamic acid from the condensation o~ sodium malonate 
with benzaldehyde in the presence of acetic anhydrideo 
~~ealo.w and Hauser (20), on repeating Stuartns work with 
sodium malonate, . were unable to obtain einnamic aci.do 
HoweTer, ·when benzaldehyde, acetic acid, and sodium malonate 
were allowed to stand at room temperature ~or one week 9 
Breslow and Hauser (20) obtained a 73.5% recovery of benz= 
aldehyde and a 15o6% yield o~ benzalmalonic ac ido The authors 
suggest that, in Stuart us work, t here might haTe been acetic 
acid present in the ac et i c anhydr ide 9 and there~ore ~ree 
malonic acid presento The malonic ac id , and nqt the s alt 9 
could have been the condensing agento 
Since Stuartus work wi th sodiwn malonate could not be 
repeated 9 doubt is c as t on his interpre t ation of the react ion 
?~ sodium methylmalonate o Following Breslow and Hauserus 
suggestion, i t may be that Stuart added ac et ic anhydride 
containing some rree ac ~tic ac ido If so 9 there was an 
11 
opportunity £or methylmalonic acid to £orm, and to react in 
analogy to ~alonic acid. Other possibilities not considered 
by Stuart are: the sodium methylmalonate may decarboxylate 
to sodium propionate (carbon dioxide is evolved during the 
reaction) whioh could yield ~-methylcinnamic acid in a typical 
Perkin reaction, or the mixed anhydride o£ methylmalonic acid 
and acetic acid may £orm and reacto It would be desirable 
repeat Stuart•~ work be£ore drawing conclusions based on the 
£ormation o£ o(.-methyleiJm.amic acido 
Another report o£ the reaction of methylmalonic acid 
under Perkin conditions is that of Michael and Ross (42), 
!~o condense~ methylmalonic acid with ac~taldehyde in the 
presence o£ acetic acid and acetic anhydride to form tiglic 
acid and ~-methylJ(-acetoxybutyric acidg 
Cij3 c.tl= C -c.cc# + C ~~c.,~('.M-COOfl • ~ ~~ 
TIGUt. A<:Jo 
Again in this case, the possibility that methylmalonic acid 
first decarboxylate& to propionic acid which then reacts 
has apparently not been eliminatedo The authors state that 
the two products probably arise by dit'ferent paths since 
the ~-acetoxy compound remains as a considerable portion of 
the producto 
Michael and Ross (42) also report the £ormation 
o(.-methyl-d\-carboxy-~=hydro.xybutyric acid from the reaction 
of methylmalonic acid with paraldehyde in the presence of 
acetic arihydr1de 9 acetic acid 9 and one drop of concentrated 
sult'u.ric acid~ 
12 
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9'1 
-:.HI&olof\:-.. • ..,.:.Ac.-.4 ..... o __ ~~ c..M3 -eM ~oOII)..l. 
""T1W:£ "a. ~a, U/3 
~-M£1\I~L~-CAR&:X+~-~-"B4~1t. OOD 
The authors• evidenoe for the structure of the ~-hydroxy-
malonic aoid was a correct elementary analysis, and the 
raot that it gaye methylmalonio acid and acetaldehyde on 
heating at 135°o It would be of interest to repeat the 
Michael and Rosa preparati(l)n oro< -methyl-.:.(=carboxy~= 
h.ycl:roxybutyrie acid tor two reasons. Firat, their stnectual 
assignment rests on tenuous gro-~.a o For example, no detail 
is given as to how the methylmalonic acid obtained on pyrolysis 
was 1dentitiedo It is interesting to note, that methyl= 
malonic acid decomposes at 135°P the same temperature which 
Michael and Ross report as the melting point or the hydroxy= 
IWD 
malonic acidAat which they carried out the pyrolysiso 
~econd, if the structure could be confirmed 1 the compound 
should be of considerable interest not only as a possible 
, _, '·' • • • .. ' J • 
intermediate in the reaction giving tiglic acid and 
~~aeetoxrbutyric acid but also in the Doebner process (see 
page 17 ) o 
Michael and co=workers (42)~ {43 ) also give other ex~ples 
of ~-hydroxy acids===isolated 9 howeyer, as the corresponding 
~=lactones (Md~drum lactones)===formed by condensation of 
aldehydes and substituted malonic acidso However, Davidson 
and Bernhard (44) showed that Meldrumu s lactone tC~~ -t _ t~,) 
~ I I 
0 - t.='D 
the investigation of which was the basis of Michael Us (42) 9 
(43) work, had been assigned the inapl'reot structtWe, and 
that the true structure was not a lactone, bu.t a eyolio 
diester ( ., 0 -c. -.:::0 ) • Tl)ia proof" casts doubt (CH3)~-C, ~ 
'o-c. ~ o 
upon Michael's ~-·laotones, and perhaps the only part of" thia 
work that can be accepted as reliable is the t"ormation of" 
tiglic acid and the ~-aeetoxy compound. 
Rodionow (45) combined methyl and eth7lmalonic aeid 
with aromatic aldeaydes in alcoholic ammonia solution. 
Under these t7ftcal Knoevenagel conditions, the products or 
the reactions were ~-amino- ~-arylpropio:nic acids ·and 
unident11"1ed 'Wlsat11rated acids. Rod1onow suggests that 
these unidentit"ied acids are either 't-subatituted 
~.t-unsaturated acids (1), ~-substituted cinnamio acids 
(i1), or cP(,~-substituted ~ ,t-unaaturated •aida 
A~ C.~:. y~~C..OOH 
c~ l.U.A.) 
The present work demonstrates that at least three of" 
Bodionow's unsaturated aoida ·are o< -allqlcinn&D\ic aoicla 
( analogo11a to ( 11) ) , while a 1"ourth ia prob·ably a polJ"Dler 
of" an o(-alkylainnamio acid. Thia work is aecordingl'J, 
closel'1 related to the present research.. Rodionow•a work 
ia discussed further on page I~ and page ~49 .. 
Rodionow (46) also reported the t"ormation of~-piper­
idinobenzyl~alonic acid F'ro111 tbe react1Gn or malonic acid, 
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benzaldehyde, and piperidine in alcohol solution. This 
compound would be or considerable interest in connection 
with the mechanism of the reaction under investigation 
in the present researcho Unrortunately, other workers 
(47), (48) have demonstrated that the product was actually 
the one-halr piperidinium salt or benzalmalonic ~cido 
It is pertinent to point out thato(=substituted acrylic 
acids have been prepared rrom monosubstituted malonic acids 
according to the following sequenceg 
~00~ 
~- C,-tM)_NR,. 
I c.co~ 
,. M~WJAJICM rMStr 
A I 
The rirst step in the process is the Mannieh (49) reactiong 
a reaction yielding an e.minomethyl derivative by condensation 
of ammonia or a primary or secondary amine with formaldehyde 
and a compound having an "active" hydrogeno In t he second 
step, carbon dioxide and amine are released .from the Mannioh 
base to .form ~=substituted acrylic aoidso The yields o.f 
Mannich base from the reaction o.f dimethylamine, .formalde= 
hyde, and various substituted malonic acids are given in 
Table IV (po 16) 0 The conversion o.f the Mannieh base to 
am ~-substituted acrylic ac id is reported to be virtually 
quantitative ( .51)o It is actually possible to carry out 
the two s t age s without i solation of the intermediate M~ich 
base (50), (51 ), (82 ), and in t his .form 9 the react ion is 
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Table IV 
Yields of Mannioh bases from the reaction of dimethyl-
amine ~ formaldehyde with monosubstituted malonic acids. 
~ R~H(cooH)~ + ijCJ~O +(CU~:J.NH -, --~~ ~- ~-eu~ tJ(G#..Jd. 
Substituted Malonic Aaid 
Metbylme.lonio 
Et hylmalo ni c 
Allylme.lonic 
Benzylmal.onic 
Phenylmalonie 
r-Phenylpropylmalonic 
Tartronic 
Ethe.netricarboxylic 
C.OOij 
Yield £! Mannioh ~· Reference 
55% (50) ?o% (51) 
90% (51) 
90% (51) 
oo% (51) 
90% {51) 
54% (52) 
4o% (51) 
lo 
analogous to the one presently under investigation. Another 
directly pertinent process is the reaction of" half" esters 
·Of" monosubstituted malonic acids with :rormaldehyde and 
diethylamine. In this case, the Q(.-substituted acryla:tes are 
obtained directly (53). 
For example: 
' C,ij~ 
c~~= ~-CM~-t -etJ"tt 
+C4. ~~"D 
'/it:t..:~ ~U.~TA1"1\IE:' 
Finally 1 Rosenberg ( 1} obtained a 1% yield of"~ =methyl 
and f'\-ethyleiruiamie acid !"rom the reaotian of' benzaldehyde 
with methyl and ethylmalonie acid ~der typical Doebner 
conditions, ie. with pyridine solvent and one drop o:r piper~ 
1dine as catalyst. When the amount of piperidine was 
increased tO twenty drOpS 1 the yield Q:f'" ~~methylcinnamie 
acid !"rom benzaldehyde and DJ,ethylmalonic acid was increased 
to 44%. 
3. Mechanism of" the Doebner modi:t'"ication of" the 
Knoevenaiel reaction. 
von Auwers (54) has outlined the follol(ing sequence 
or events for the Doebner processg 
()ij t[){)ij 
I I 
({c,ijO + c:;~J_c.oo~-....... ~ ~-y-Tu 
..., c..oow 
JI 
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The first step in the process is an aldol condensation of 
malonic acid with the aldehyde under the influence of a 
baseo There are two possible examples o~ the isolation of 
a f -hyroxymalonic acid analegous to structure IX re-ported 
in the literature. Sharp e.nd Hoffman (55) treated 1.~~3-diphenyl­
propanetrione-1.~~2,3 with malonic acid and report the isolation 
of the corres-ponding ~-hydroxymalonic acid.~~ although it is 
18 
not known whether the malonic aeid was attached at the 1-position 
or the 2-positiono Analysis of the product fits the suggested 
product o However, as the only evidence bea.ring on the 
structure is the correct elementary analysis and neutrali= 
zation equivalent, the possibility of the ~ormation of a 
molecular complex from this special compound cannot be dis= 
regardedo 
0 Oll 0 
tl l II 
--)r')o- <(}-t,-c.-c --tP 
I 
c.t(toa06 
0 0 0~ 
d ll I ~-(.-c.-c -<(> 
' cH (UlJII.l~ 
oR 
Another reported (42) ~=hydroxy.maloni c acid.~~ which i n this 
authors opinion should be re i nvestigated 9 was discuss ed on 
page 12o Thus.~~ the only evidence for t he exist enc e of an 
intermediate analogous to IX is two fairly inconclusive 
reportso It must be point ed out.~~ t hat the fact that the 
~-hydroxymalonic acid (IX) may not have been isolated do~s 
not prec~ude its being an intermediateo The compound may 
be too unstabl e t o be isolableo 
The~ -hydroxymal onic acid (IX) may :further reac t by 
three pathso Path (a) is the one rrequently (2), (3), (4), 
(5), (6) given as the reaction path in the Doebner modification. 
Indeed, the benzalmalonic acids or ethylidenemalonic acids 
haTe been isolated in several cases. Oinnamaldehyde, when 
treated with malonic acid under Doebner cQnditi~ns (34) 
rurnished 82~ or pr~duet, or which 56% was the clibaaic acid 
and 44% the monobasic acid: 
Dutt (34) in considering the general case, states that the 
bel:l,zalmalonic acids are st•ble up to their melting points 
(usually over lOOO), but that they decarboxylate quite 
readily in the presence of pyridine at steam bath temper-
ature. In the case or oinnamaldehyde, prolonged heating or 
the reaction mixture increased the yield or the monobasic 
acid, but decrea~ed the overall yield. 
Verley (31) isolated the corresponding ethylidene-
malonic acid when he treated citral with malonic acido 
Another example (56) or an isolable ethylidenemalonic 
acid is in the reaction of crotonaldehyde and malonic acid 
at room temperatureo A small amount or the dibasic acid was 
isolated, but when the acid was heated, ~t was co~verted to 
sorbic acid: 
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c~3~·=CM-t\4D T w~cofl~ -)"7- CIS~~~=C(.c.ca&a. ->~UIPFC~J-C~J~~ 
~~D 
In the case or 2-hydroxy-5-nitrobenzaldehyde and 3-meth-
oxy-4-hydroxy-5-bromobenzaldehyde, only the corresponding 
benzalmalonio acids were isolated, and these could not be 
decarboxylated under the conditione or the experiment (57), 
{58). 
The possibility that the benzalmalonio acid is ~ an 
intermediate in the Doebner process haa been explicitly 
eoneidered ~y Verley (31) and von Auwers (54)~ Verley 
believed that the unsaturated dibasic acid is rormed in a 
. ' 
process having nothing to do with the monobasic unsaturated 
acid product. Boxer and Linetead (33), re:ferring evidently 
to the unsaturated dibasio acid, state: 
"It is by no means proved that the postulated inter-
mediates can decompose with the necessary ease under the 
conditions or the reaction: ••• " 
Further evidence related to the unsaturated dibaeic 
acid {X) as a possible intermediate has been given by 
Corey (59), (60), (61), who studied the mechanism of' deoar-
boxylat ion· of'"",~ and ~ ,t unsaturated malonic ao id~ in 
pyridine. When ethyl hydrogen isopropylidenemalonate (XII) 
is decarboxylated (59), two products are obtained~ 
u~c~ 
+ C-tij~~~ 
113~1 1JV 
EVidence :from kinetic studies and the use o:f model compounds 
strongly indicate that the only important course or the 
reaction is the followingg 
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ij~c,, /~tt Q ,. C,-(,~ + ~t/ '~ I 
* 
l-13c., ~ 
+ ~.?"~-~ij~Ct' 
1J[ 
Corey considers that the formation o~ essentially pure 
~.~ .. ~saturated .acids from carbonyl compounds an4 malonic 
acid in the Doebner process might take place through the 
same ~-hydroxy.malonic acid (IX) by t~o basically different 
rc;>utes: dehydration followed.· by decarboxylation ( (a)), or 
simultaneous decarboxylative eltminat;ion {(c)). He states 
that route {a) cannot be correct since the ()(,~-unsaturated 
acid {X) should yield a mixture of~,~and ~~~-unsaturated 
. 
products by decarboxylation. For example, Corey (60) found 
that the decarboxylation of isopropyliqenemalonic acid {XV) 
at 110° in pyridine gave a mixture of ~ ,~-dimethylaorylie 
acid (XVI) and ~-methyl-~-butenoic acid (XVII) of which 93% 
was the ~ ,(-isomer. 
Cll3, . ~ 
C:C. 
t.ll3 "' 't.oo" 
X2 
N~I!AI£ )a- (C.~~~C -:.C~~CO~)I -r 
m 
The above work rules out an unsaturated malonic acid 
(X) •a an 1nte~mediate in the Doebner process with aliphatic 
aldehydes. As was previously pointed out, an intermediate 
analogous to the unsaturated malonic acid X is atructually 
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impossible in the _ case or the reaeti·on-s or aldehydes with 
monosuQstituted malonic aciQs. Corey, having eliminated 
path (a), · suggests that the Doebner process proceeds by a 
decarboxylative elimination mechanism. He apparently does 
not consider the possibility that the ~-hydroxymalonic acid 
(IX) £irst decarboxylates and then dehydrates (path (b)). 
Evidence, though not ccmclusive, against· ' ~-hydro.xyaoiQ 
analogous to XI has been reported. Rosenberg (1) £Qund 
that ~-methyl-~-hydroxyhydrocinnamio acid 
was stable under conditions which led to the £ormation o£ 
~-methylcinn~ic r~om benzaldehyde and methylmalonio acid. 
Thus it might appear that at least in the case or methyl--
malonic acid, path (b) is unlikely under Doebner conditions. 
There is 1 however, a loop-hole in this argument.~ .-Methyl-
~-hydroxyhydrocinnamio acid can exist in two dl pairs. 
RoseJlberg may have prepared the diaetereoisomer that is not 
the one formed and decomposed in the Doebner process. Further 
work bearing on this point will be discussed in Section III 
( p .. 10~ ) 0 
In the case o~ the £ormation o~ tiglic acid and 
~-methyl-~-aeetoxybutyric acid £rom methylmalonic acid 
previously discussed (p. 12), a ~-hydroxyacid (XI) does not 
appear to be an intermediate in the formation of tiglio 
acid. Li~stead (62) has shown that, at least in aqueous 
alkali, ~-acetoxyaeids ~orm ~~~-unsaturated acids with 
greater ease than the corresponding ~-hydroxyacids. Thus, 
i£ q(-methyl-~-hydroxybutyrie acid was £ormed in the reaction . 
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of rnethylme.lonic acid with acetaldehyd-e, it might be 
expected to be stable to the reaction conditions since 
~-methyl-~-acetoxybutyric acid was stable to the conditions 
of the reaction. This evidence may not be pertinent in a 
discussion of the mechanism of the Doebner process since 
the reaction under consideration may be a case of the Perkin 
reaction with an aliphatic aldehyde. 
In summary, thus f'ar evidence has been ll>resented 
against the Doebner modification of the Knoevenagel reaction 
proceeding through a ~-hydroxymalonie acid (IX) which then 
deoom~oaes by path (a), dehydration followed by deoarboxyl-
t1on. Seemingly conClusiTefTidenoe against both path (b), 
deoarboxy~ation followed by dehydration, and path (o), 
simultaneous decarboxrlation and dehydration, is proTided 
by Patai et al (64) who find that in the Doebner process 
with benzaldehyde and malonic acid ~ major portion of' water 
elimination occurs prior to decarboxylationo This as well 
' . 
as other aspects of Patai's work is dis6ussed below. 
Patai and co-workers (64) studied the rate of the 
reaction of benzaldehyde with malonic acid in pyri~ine solvent 
containing ten molar percent piperidine, ie. the Poeqner 
process with benzaldehyde and malonic acid: 
They follow water production by the Karl Fischer technique 
and carbon dioxide evolution by volume measurements. The 
rate of production of water is found to be first order in 
benzaldehyde and first order in malonic acid --- when the 
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reaction is followed 50-80% of completion. 
Aside from the overall l!'rocess given above, other water 
forming processes suggested are: 
~CI .. O ~Q > ~Q-C.tt{O )~ + ~ ... 
w 
~C;!-k) + CAl~ LC..OOU)~ )It ~c.w = c,(coot-Oa + ~~0 
-
-~~ ~~:.C.UC..OO~ + l~ 
+-~ 
Each of the processes is reasonable. Eenzaldipiperidine 
can be isolated from the reaction mixture when larger amounts 
o:f piper.idine are used. Eenzalmalonic acid can be isolated 
in appreciable amounts when the reaction is interru-pted at 
an intermediate atageo Cinnamie acid is the expected and 
observed end product of the Doebner processo 
The data for evolution of carbon dioxide in the Doebner 
process---a.fter an induction period==~is considered to be 
consistent with first order kineticso This behavior indicates 
that in the Doebner process one or more intermediates decom-
pose to release carbon dioxide by one or more first order 
processes o One attr.active possibility is to have benzalmalon:tc 
acid as the intermediateo Separate experiments with benzal-
malonic acid demonstrated that the loss of carbon dioxide from 
benzalmalonic acid in pyridine solution followed first order 
kinetics, and that the rate is greater , but of the same order 
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of" magnitude, as the rate of" carbon dioxide evolution .from 
the Doebner process. Also, both decarboxylation processes 
gave, within experimental error, the same value of" the 
Arrhenius activation energyo 
In seeking a path f"or the !"ormation or benzalmalonic 
acid, Patai et al considered the aldol product A (analogou.s 
to •trueture IX p. 17) as a likely iat;prmediateo 
Patai examines two processes (corresponding to path (a) and 
(b) on Po 17) by which A can react .further, vizo, loss 
of" water to give benzalmalonic acid, or loss or water and 
carbon dioxide in one step to give cinnamic acido This 
latter process of" "decarboxylative elimination" is the path 
f"avored by Corey (59) ror the Doebner condensation or malonic 
acid with ali-phatic aldehydeso However, simultsneous release 
of" carbon dioxide and water proves impossible, for Patai 
observes that at any time during the Doebner process, the 
~~ 1\.:lE'~)) IS ~ "'ltAN Ti: ~OF 
percentage ofAoarbon dioxide -.TolTedo This relation shows 
that the water forming process is distinct from the carbon 
dioxide f"orming process and renders a deearboxylative elimin~ 
ation untenableo 
It might be possible that benzalmalonic acid and water 
are produced reversibly f"rom A, so that loss of" carbon dioxide 
involves reformation of" A and then decompositiono This 
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sequence would account .for the more rapid production o.f water 
than carbon dixoide. However, Corey (61) has SQOwn that 
tenzalmalonic acid can decarboxylate in pyridine without 
involTement of water. Also, Patai points out that decar-
boxylation of benzalmalonic acid in pyridine in the presence 
o~ an almGst negligible amount of water is faster than the 
release o~ carbon dioxide from the Doebner process in t~e 
presence of a stoichiometric amount of water. Accordingly, 
addition of water as a ~aTored or necessary ate~ in the 
loss of carbon dioxide in the separate benzalmalonio acid 
experiment• or in the Doebner process is unlikely. These 
considerations admit benzalmalonic acid as an intermediate 
in the Doebner, but suggest that the path of decarboxylation 
does not involTe water. Yet, Patai•s further discusaiGn 
makes it difficult to accept benzalmalonic acid as a necess-
ary intermediate. 
It, in the Doebner, benzalmalonic acid is both the 
product or a water forming reaction and the intermediate 
decomposing to .furnish carbon di~Pxide and cinnamic acid, it 
.·iihould be possible to determine the concentration of benzal~ 
malonic acid at any time by taking the dif.ference between 
the amount of water formed and the amount of carbon dioxide 
evolved. When this di.fferenoe is plotted vs. time, a curve 
is obtained containing a ~Aximum. At the maximum, the 
concentration of benzalmalonic acid should be a maximum and, 
since carbon dioxide comes from the benzalmalonic acidg the 
f..VO~T/OrJ 
rate o~ carbon dioxide nshould also be a maximum. This is not 
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the case. The point at which the initially increasing rate 
o~ evolution of carbon di0xide in the D0ebner process leTels 
ot:-r and starts to tall comes af."ter the aboTe maximum. Patai 
points out that this constitutes evidence that benzalmalonic 
acid cannot be the intermediate decomposing as described to 
yield carbon dioxide. 
He also developts a similar but more general conclusion. 
Ass'W!le that appearance of water denotes formation of" a carbon 
dioxide-producing species, X. Patai argues, that the dis-
cussion applicable to b~nzalmalonic acid should also apply 
to any X; so that the maximum rate o~ carbon dioxide evol-
ution shcmld coineide with the maximum concentration of" X. 
However, this is n.ot the case. Patai ~inda that no exprea.s-
ion ot the :rorm 
-
will acoomodate th• f."inding that the point of maximum X 
.... 
concentration does not correspond to the maximum ·r .t e of" 
carbon dioxide evo~Ution. Yet, the observed rate of carbon 
dioxide evolution !"rom the Doebner was found to follow a 
f."irst order kinetic expression, ie. n.lJ 
It is possible, that intermediates are formed in the 
water producing step, some of which do not decarboxylate. 
For example, two possibilities are benzaldipiperidine and 
the piperidinium salts of" benzalmalonic acid. (In the pres-
ence of sufficient piperidine, the only product of the 
reaction is a p iperid i nium salt of benzalmalonic acid.) 
Patai considers that species which will be involved in a 
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water .forming process and do not carboxylate contain piper= 
idineo Since piperidine is present only to the extent of 
ten molar per cent, an upper limit to the amount of' inter-
mediate whioh does not fUrnish carbon dioxide is set at lO~o 
Taking this into aecount, Patai is unable to satisfy the data 
by an expression o.f the form 
= 
K(X-oonstant)n 
where the constant is no more than 10%. 
To summarize, the observed first order formation of 
carbon dioxide in the Doebner process demands some inter-
mediate which can decarboxylate according to a first order 
lawo Yet, it appears that no such intermediate product is 
compatible with the data. PataiUs work, in showing that 
carbon dioxide evolution lags behind water formation, makes 
the process 
9~ 4>-Cl-1-CMlCOO~)~ .Ot.JE' STEP ) ~::til-too~ +"~0 +CD~ 
unacceptableo Pate.ins work also shows that water is formed 
in a second order ~rocesso Other conclusions about mechanian 
are not clear cut . 
28 
Some of Pat ains work calls for further commento Corey (61) 
has studied the decarboxylation or benzalmalonic acid in the 
same system as Patai , although at a higher temperature 
carbon dioxide evolution does not .follow .first order kinetics. 
The kinetics, although close to second order, follow no 
simple rate expressiono This result is in contradiction to 
Patai's finding that benzalmalonic acid decomposes according 
to a first order law. This contradiction will have to be 
resolved. 
Pataits basis for claiming first order kinetics for 
carbon dioxide evolution in the Doebner process depends upon 
obtaining a straight line when ln (~/~-Vt) is plotted vs. 
time. However, in one experiment in which the reaction is 
followed to about So% of completion, inspection of the 
published curve shows a slight S-shaped trend ef the exper-
imental points about the straight line. In two other 
experiments, the experimental points fall on the straight 
line with no visible trend, but in these cases the reaction 
was only followed to 5o% and 20% of completion. It would 
seem desirable to recheck the experiments and the conclusion 
that carbon dioxide evol~tion is £irst order. Actually, if 
(a), the release of carbon dioxide can follow kinetics 
other than first order and if (b), twe intermediates are 
admitted, removal of the impasse Patai finds himself in appears 
possible (p o/~) 0 
Patai neglects the po~sible effect of water on rateo 
In the reactions with monosubstituted malonic acids, such an 
effect is clear cut ( p. ~0 ) o The operation of the same 
effect in the traditional Doebner process should be sought 
for. 
The possible role of such compounds as 
OR. 
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as intermediates is not considered by Pe.te.i. The piperidine 
derivative could arise as · the product of e. Me.nnich reaction 
between benzaldehyde, piperidine, e.nd malonic acid. The 
thesis that e.n analogous com~ound is involved in the Doebner 
process with monosubstituted malonic acids will be discussed 
in a later section (p./14 ). The second compound has been 
suggested by Corey (61) as the immediate precursor of cinnamic 
acid and carbon dioxide in the decarboxylation of benzal-
malonic acid in pyridine. In Corey's work, this molecule is 
considered to arise by the following termolecule.r process: 
' 
--~)" tflC.ij-c.(COOJV~ + [6• 0 
In the Doebner process, this intermediate might be formed 
by the "Mannich" reaction of benzal<fiehyde, malonic acid, and 
pyridine: Q C.OOS 
~cijo + c~(coo~t + ~ -~) ~~~c..r 
'.1( ~ y - U>O~ 
or by the "addition" of pyridine to benzalmalonic acid. 
This proposed intermediate is discussed further on page Ja.S • 
Clearly more work along the lines rollowed by Corey 
and by Pe.tai is called for. The author agrees with Pata1•s 
(64) statement: 
" ••• the reaction must be a more complex one than 
generally accepted." 
c. Other Methods .2! Preparing G{,!_-unsaturated Acids. 
There are at least rour other general methods for the 
preparation of unsaturated acids of the type of interest in 
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this worko 
lo ~ Reformatsky reaction (65)o 
The reaction of a carbonyl compound with an ~-haloester 
in the presence of zinc is commCI>nly known as the Reformatsky 
reactiono For example, the reaction of benzaldehyde with 
ethyl~-bromopropionate in the ~resenee of zinc is reported 
( 66) to give a 78% yield of the ~-hydrexyester g 
~ 9H <Pc~o ~ c~~C,~c.o~ tx ~be > cp-<J~ -C(H~£:t 
(J~ 
If the corresponding -"~substituted ()(,~.unsaturated acid 
is desired, it is necessary to dehydrate and hydrolyse t he 
~-hydroxyester obtained in the Reformatsky reaction. 
2o The Claisen reaction. 
The reaction of a carbonyl compound with an ester in 
the presence of sodium ethoxide or other strong bases is 
usually designated as a Claisen rea.ctiono For example, 
the reaction of piperonal with methyl propionate in the 
presence of sodium hydride is reported (67) to give a 66~ 
yield (crude) of methyl «=me t hyl=3,4=methylenedioxycinnamat e 
(XVIII)o 
3o Reactions of aldehyd~s with methyl ketoneso 
The f ollowi ng reaction illustrates t he proeedure g 
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This type of reaction has found limited use (66), (69)o 
4o Reactions £! diazonium salts ~ acrylic aeids. 
The apparently general procedure is illustrated by the 
following reactions. 
c.~ 
/.fq.,.IJO, ~ c. II,.= ~-c.,o~H 
These reactions are of special interest since, in the case 
of methacrylic acid, mixtures of cis and trans~ =methylcinnan ic 
acids are obtainedo A more detailed discussion of this work 
appears in the discussion seetton devoted to the structure 
of products (po ~~ ). 
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A. Summary 
The primary purpose of the present work was the extension 
TO ()to;V~u~tTIA~ fl11JWAJJC. Ac.tJY;. It-~~ Dof:i&Jse.l1toDJFiCfni O• 
of the Doebner modification of the Kno~venagel reactio~ IIIII 
has been limited in the past to tne reactions of malonic acid 
with aliphatic and aromatic aldehydes~llllllll 
Since the Doebner modification of the Knoeven-
agel reaction u,sually gives high yields ofe( .~·unsaturated 
acids directly, it was hoped that extension ~o monosubstitu-
ted malonic acids would make available a general and ~ossib~ 
superior method of preparing oe-eubstituted ~~~-unsaturated 
acids. 
The reaction of benzaldehyde and ethylmalonic acid in 
pyridine so~ution in the presence of piperidine was studied 
in a.n effort to find acceptable general condi,tions for the 
reaction. The conditions f9und satisfactory involved treat-
ing ethylmalonic acid and piperidi~e in equimolar amounts 
m .s~ 
with benzaldehyde in pyridine solventnbath temperature. The 
molar ratio of ethylmalonic acid to benzaldehyde was two to 
one. These conditions were applied to the reactions of 
methylmalonic acid with twenty-nine aromatic aldehydes. The 
yields of ~-methylcinnamic acids were generally excellent• 
and were superior in all cases• to those reported using other 
preparative methods. The electronic nature of the ring 
IN \1ES.\ I (i..A-\ED 
substituent or the aldehydes did not markedly 
influence the yields of~-methylcinnamic acids. There 
appeared to be a tendency toward improved yields when electron 
withdrawing groups, e.g., nitro, chloro, bromo, were present 
in the benzenoid nucleus. At least in the two cases tested 
viz., 2,4,6-trimethylbenzaldehyde and 2,4,6-trimethyl-3,5-
. -· 
dinitrobenzaldehyde, the pre~ence of two ortho methyl groups 
resulted in a decreased yield. 
The study was extended to include various other malonic 
acids. The method was found to be or general a~plicability 
to straight chain monoalkyl substituted malonic acids 
(methyl, ethyl, allyl, butyl and undeoenyl malonic acid). 
The desired products were not obtained in the attempted 
reactions of isopropylmalonic acid, phenylmalonie acid, 
and ethyl hydrogen acetamidomalonate with aromatic aldehydes. 
The reaction or tartronic acid (hydroxymalonie acid) with 
aromatic aldehydes - afforded an elegant synthesis 
of phenylpyruvic acids. 
A brief investigation of the reactions of aliphatic 
aldehydes with methylmalonic acid indicated that the reaction 
was also applicable to aliphatic aldehydes. A major diffi-
culty in this study was the ease of polymerization of the 
aldehyde under the reaction conditions. 
In the course of the present work, approximately thirty-
five new compounds were prepared . These products might be ois 
(acid group and benzene ring on the same side of the double 
bond) or trans oinnamic acids. 
that by a comparison of the infra-red and /or ultra-violet 
absorption spectra of a few cis-trans pairs it would be 
possible to obtain generalizations which would enable the 
assignment of cis or trans cGnfiguration to be made from the 
absorption spectra of one isomer. However, only one cis-trans 
pair, the two «-methylcinnamio acide, could be obtained. Two 
isomeric ~-methyl-3,4-dimethoxycinnamic acid• are reported to 
be obtained from a eequence involving the Reformatsky reaction 
of veratraldehyde and ethyl ~-bromopropionate. In a repetition 
of this work, three ao idia material• were obtained: -" -methy-
),~imethoxycinnamic acid (probaoly trans) and twc dimeric 
acids. With only one cis-trans pair available, it was 
necessary to use previously reported work for the aasignment 
of configuration. The compounds obtained in this work 
correspond, in all cases where comparisons are possible, with 
the trans isomers. The products of the present work were, 
therefore, assigned the trans configuration. 
The products of the reaction of allylmalonio acid with 
aromatic aldehydes were demonstrated to be ~-allylcinnamic 
acids by virtue of the formation of formaldehyde on ozonolysis 
(presence of a terminal vinyl group) and the similarity of 
their ultra-violet absorptions with the corresponding 
~-methyl eompoundso 
The effect of water on the reaction was studied both by 
adding water to the reaction mixture and by adding "Drierite" 
to the reaction mixtureo The addition of water was found to 
sharply decrease the yields, while the addition of "Drierite" 
significantly improved yields. 
In a study of the effect of base on the reaction, it 
was found that no product was obtained in the attempted 
reaction of m-nitrobenzaldehyde with methylmalonic acid with 
pyridine as the only ba8e pre8ent. On the other hand, 
m-nitrobenzaldehyde and unsub8tituted malonic acid gaTe 
8&tisfactory yields of m-nitroeinnamic acid with pyridine 
as the only base present. In the presence of seeondary 
amines, m-nitrobenzaldehyde and methylme.lonic acid reacted 
to give excellant yields of ~-methyl-m-nitrocinnamic acid, 
while in the presence of aliphatic tertiary amines, the 
exclusive product was ~-methyl-~-hydroxy-m-nitrohydrocinn~ic 
acid. ~-Methyl-@-hydroxy-m-nitrohydrocinnamic acid and 
~-methyl-m-nitrooinnamic acid have been shown to arise by 
different paths. Since it is reasonable to expect the for-
mation of ~-methyl-~-hydroxy~m-nitrohydroeinnamic acid to 
occur through an aldol-type intermediate, the process leading 
to the formation of o{-methyl-m-ni tro· g 7 c innamic acid -.6.csurs 
through a different process. It is suggested that the 
general reaction considered in this work proceeds through a 
Mannich base intermediate. Attempts to prepare a reaction 
intermediate, or to isolate an intermediate from the reaction> 
were unsuccessful • 
.. An introductory kinetic study of the reaction or m-nitro-
benzaldehyde with methylmalonic and piperidine in pyridine 
solution was carried out. The carbon dioxide evolution was 
used as a means of following the reaction. Carbon dioxide 
comes from at least two sources, and consequently a compli-
cation is introduced when carbon dioxide evolution is 
utilized for following the rate of formation of~-methyl-m-
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nitrocinnamio acid. 
In summary, the accomplishments o~ the present work are: 
1. A new and superior general method for the prepara-
tion of ~-aubsti tuted, ~,,.unsaturated ao ids has been developed. 
Extensions of this method include the preparation of phenyl-
pyruvic acids. 
2. In:t'ormation pertaining to mechanism has been obtained. 
uUoa.JJ1Aift A i'l4AJ~telf .BAS£ ~~~~14'l'E 
A mechaniam,has been proposed for the reactiQna of aldehydes 
with monosubatituted malonic acids 
Previoualy reported kinetic data on the 
Doebner modi:t'icat1on of the Knoevenagel reaction with malonic 
acid and benzaldehyde oan be satisfactorily explained by 
uae of a 1Mannioh baaetf intermediate AtJD Pttl AIJ)OL l~l't)Q)INTT. 
3. The present work suggests other synthetic applica-
tions of the general reactions of aldehydes with ao'tivated 
~-hydrogen compounds and fUrther mechanism studies. 
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Bo Discussion or Experimental ~· 
1. Preparation ~ purirication £! starting materials. 
In the reaction under consideration: 
the materials required were monosubstituted malonic acids, 
aldehydes, and pyridine and certain other amines. All or 
the alkylmalonic acids were prepared from the corresponding 
malonic esters, some of which are commercially available. 
The more or less standard saponirioation procedures ror 
preparing the malonic acids from the corresponding esters 
are described in the experimental section. Hydroxymalonic 
acid (tartronio acid) was prepared from tartaric acid by a 
published procedure (126)o Acetamidomalonie acid could not 
be obtained by hydrolysis or the commercially available 
diethyl estero Evidentlyp decarpoxylation of acetamidomalonic 
acid to acetylglycine (aceturic acid) occurs very easily: 
Cll t.JIItii(Co,.£:f:) KOII .,_ fiC2 ) r ~~IJIIC~(~II)J --.) ~t + ~ ~ ~ ~ ? 
(I 
In place of acetamidomalonic acid, the corresponding halr 
esterp ethyl hydrogen acetamidomalonate was prepared (130) 
and usedo Acetoacetic acid was obtained from acetoacetic 
ester (127)o 
A convenient source of methylmalonie acid was important, 
since appre c iable quant ities of the acid were needed in the 
research. Commerc ial die t hyl met hylmalonat e is actually a 
mixture or die t hyl malon ate 9 die t hyl methylmalonat eg and 
diethyl dime t hylmalonateo These esters cannot be e as ily 
separated by distillation (the boiling points (72) are 1980, 
196o5°, and 197° respectivelyo) nor can the acids be conven-
iently separated by fractional crystallization. Accordingly, 
commercial diethyl methylma.lonate was not satisfactory as 
a source of pure methylmalonio aoido Fortunately, another 
preparation of diethyl methylmalonate was available (110), 
(lll)o Condensation of ethyl prOflonate and diethyl oxalate 
using sodium ethoxide or sodium hydride 
gaTe ethyl ethoxalypropionate in 37-70% yields. This material 
loses carbon monoxide on heating and gives · pure diethyl methyl-
malonate in 91-97% yieldso The ester is then saponified 
in the usual manner to methylmalonic aoid (yields 77-90%). 
In the later stages of the research a commercial source of 
ethyl ethoxalypropionate was located, so that the preparation 
of methylmalonic acid became a simple, inexpensive mattero 
The aldehydes used in the work were commercial materials~ 
or were synthesized or purified according to published pro~ 
cedures. 
The amines were commercial materials, purified as 
described in the experimentalo In several runs it was necess-
ary to have tertiary amines~ including the pyridine solvent, 
free of traces of primary or secondary amine impuritieso One 
method of purification was to treat the tertiary amine with 
l~naphthylisocyanate. This reagent (207 ) combines with any 
compound containing the ~OH or =NH grouping to form non-
volatile produetsg 
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ooC•O ro-~-OA. ..... ~OH ""' + :::,.... ~ 
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distillation should then a:f:rord · the pure tertiary amine. In 
later work pyridine was purified by treatment with phosphorus 
pentoxide. Distillation should then afford a distillate o:f 
pure pyridine and a residue of non-volatile phosphorus com-
-pound$. 
2. Experiments ~ ~ ef:fects £! changing reaction 
variables ~ ~ yields .2£ Cl(-substi tuted cirmamic . a:c ids .. 
It was desirable to explore the relation o:f yield o:f 
product to reaction conditions in the process: 
({~tcoo~~ + ~~0 )lllo ~1CH=C.~ ~ 
It was also desired to arrive at one standard set of conditions 
. 
applicable to all va~tions in Rand R'o The variables 
investigated were temperature, amount o:f piperidine, and 
amount o:f malonic acido The startin point in the study 
was the observation by Rosenberg (1) that ~-methyleinnamie 
acid can be obtained in 44% yield :from benzaldehyde and 
methylmalonic acid, and that o(~ethylcinna:mic acid can be 
obtained in a 1% yield from benzaldehyde and ethylmalonic 
acid. Rosenberg's reactions (1) were run at reflux temper-
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a.ture. 
The experiments were conducted by mixing the malonic 
acid and the aldehyde at room temperature in pyridine solvent 
with pipe::ridine as catalyst. The aJ)paratus used is described 
in detail on page/~t. The apparatus provided for a slow 
sweep of nitrogen and for collection of evolved carbo~ 
dioxide. The reaction could be foll0wed by observing the 
weight of carbon dioxide evolved. In the experiments des-
cribed, the yield refers to isolated product of satisfactory 
melting point. The amount of aldehyde is almost invariably 
taken as the basis for calculation of the per cent yield. The 
amount of aldehyde unreacted was measured by weighfing re-
covered aldehyde in some p~rifiable form. Benzaldehyde, for 
example, was estimated in the form of benzoic acid. 
In the study of reaction conditions, most o~ the work 
was done with ethylmalonic acid and benzaldehyde. Pyridine 
was the solvent and piperidine the catalyst. 
(a) E!'fect of change in reaction temperature 
on yield ~~-substituted c ipnamic ~· 
It was found (Table J0l p. 171 ) that increased yields or 
~-ethylcinnamic acid were obtained when the reaction was 
run at steam bath temperature rather than at reflux temper-
ature. For example , from the s me quantities of materials, 
ACIP 
e. 39o6% yiel<d of ~-ethyloinnamio;twas obtained by heating on 
a steam bath for one day, while refluxing for two And one-
half hours afforded an 18o2% yield of ~-ethylcinnamic acid. 
1'he carbon dioxide evolution in both cases was close to 
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theoretical. 
In another study of the effect of temperature on the 
reaction, a 69% yield of~-methyl-m-nitrocinna~ic acid was 
obtained from methylmalonic acid and m-nitrobenzaldehyde 
after heating at · 50° for ten days (po~~~)o With the same 
proportion of reactants, a 62% yield was obtained after 
I 
heating C?n a steam bath for six hours ( p. 1/S' ) o In both 
cases, the carbo~ dioxide evolution was clos~ to theoretical. 
The reactions were thus, whenever possible, run at steam 
bath temperatureo 
(b) ru effects of varying amounts of 
piperidine ~ the reaction. 
I 
. 
The effect of vs.llation of the amount of piperidine was 
studied (~o/']1 reaction 16-22) using equal molar amounts 
of benzaldehyde and ethylmalonio acid. The results are 
given in Table V (p. 1/.3 )o The yield of~-ethylcinnamic acid 
is seen to increase as the amount of piperidine increases to 
an equal molar amounto Further increase in the amount of 
piperidine results in decreased yields. 
There are many possible reasons ror the variation in 
yield with the amount of piperidineo The di!"ferenoes may 
simply be due to a CQncentra.tion e!"fect. Since the reactions 
described were all run in the same amount of pyridine, the 
conoentratioas or benzaldehyde and ethylmalonic acid do not 
change significantly from run to run, but the concentration 
ot piperidine does varyo This variation in piperidine con-
centration might cause a significant change in the nature 
I•' 
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Table V 
Effect of varying amounts of piperidine ~ ~ reaction 
,. 2! benzaldehyde with ethylmalonic acid using egual molar 
amounts .2! benzaldehyde and ~thylmalonio aeid. 
Molar Ratios 
Bthylmalonio Acid: % Benzaldehyde 
Piperidine ~ Yield Recovered* 
1:0 
1:0.25 
1:0.50 
l:0.7o 
1:1 
1:.1.25 
1:2 
0 
17.0 
22~7 
34.0 
39.8 
32.0 
18.0 
98.2 
73.9 
70.5 
53.3 
39.5 
41.0 
0 
% Yield Corrected 
for unreaoted 
Benzaldehyde 
65.2 
77.3 
72.8 
65.0 
54.2 
18.0 
* The unreacted benzaldehyde was estimated ·in the form 
of benzoic aoid. 
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o:f the reaction. 
At least &portion of the piperidine's function must 
be its ability to neutralize the acids present. The system 
under study involves at least two competing re·aotions: 
It is reported (73), that carboxyli.c acids are only slightly 
ionized and dissociated in pyridine. Thus, in pure pyridine, 
the simple decarboxylation o:f ethylmalonic acid would involve 
the free acid as the deoarboxylating species. In the presence 
or a molar amount of piperidine however, the ethylmalonio 
acid would be present as the monoanion. The rate of decar-
boxylation of methylmalonic aeid in pyridine solution has 
been demonstrated to be approximately two and one-half times 
as fast as the rate of decarboxylation of its monoanion 
(Graphs .I, Il, V; p.IC3 ,and p.IOS"). Thus, it is reasonable 
to expect that increasing the amount of piperidine to at 
least a molar amount would result in a decrease in the rate 
of' simple decarboxylaticm o:f ethylmalo·nic acid. A decrease 
in the rate or simple decarboxylation o:f ethylmalonio aeid 
would lead one to expect a corresponding increase in the 
yield of~-ethyloinnamic acid, provided that an increasing 
amount of piperidine does not also decrease the rate o:f the 
condensation reaetiono However, while there is no reason to 
doubt that piperidine slowe down the Pate of eimple decar-
boxyla t ion , thi s cannot be its only function because of the 
following facts~ 
(1) No y i eld of ~ -ethylcinnarnic acid is obtained in 
the absence of piperidine (Table V p. 43). 
(2) Increase in the amount of piperidine beyond a molar 
amount results in a decrease in the yield (Table V p.43). 
If piperidine only effected the rate of decarboxylation of 
ethylmalonic acid , further increase in the amount of piper -
idine wou ld be expected to either increase the yield, or 
have n o effect upon the y i eld. 
( 3) When a large excess of piperidine was employed in 
the reaction of rnethylmalonic acid with benzaldehyde ( p. 111 
reaction 3.) no ~-rnethylcinnarnic acid WAS obt ained. In 
Tabl e V (p. 43), it may be observed that the yield of 
~-ethylcinnarnic ac id corrected for recovered aldehyde generally 
decreases as the amount of piperidine is increased. The 
one c ase in which t he per cent yield corr ected for rec overed 
ben zal dehyd e i s no t consi s tent wi t h t he other reac tions i n 
Table v~ when the molar rat io of ethylmalonic acid to 
piperid ine is 1~ 0.25 $ is the case subjec t to the great est 
error . Thus an error of 5% in the recovery of benzaldehyd e 
(equivalent to 0.18 gram of benzoic acid) would change the 
y i e l d c or rected for re covered benzaldehyde from 65.2% to 80.5 %. 
Bot h the f act t hat no c( - rnethylcinnami c acid was obt ained in 
the pr e senc e of a large excess of piperidine, and that the 
y i el d of · ~=ethyl c innamic acid corrected ror recovered 
benzal dehyd e de creas e s when the amount of piperidine is 
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increased indicate that benzaldehyde is being converted to a 
nonrecoverable nonreacting rorm. Piperidine is apparently 
involved in this aldehyde removing process. 
A plausible explanation ror the aldehyde removing process 
is that benzaldipiperidine (XttX) is formed in increasing 
amounts as the amount of piperidine is increased. 
___ _..,..~ ~e~fO).l ... u~p 
:m: 
Patai (64) has found, that heating benzaldehyde with malonic 
acid in piperidine solvent results in the formation of 
benzaldipiperidine (XIX) as th~ only product. 
In order to explain the fact that no yield was obtained 
in the absence of piperidine, the piperidine must be given 
another :function. One suggestion for this additional 
.function of piperidine is that the formation of ~-ethylcinnamic 
acid proceeds through an intermediate containing a eo-valentfy 
linked piperidine: 
~c~c~(CoD~Q. +~ + Q ~!LbA>==~· [?] 
... 
+~ 1' -r 0 + ~,a.O 
\!t 
If .the process occurs as written, piperidine is not only 
necessary for the reaction, but an increase in the amount 
of piperidine would drive the postulated equilibrium to the 
right and increase the yieldo This suggestion is amplified 
further on page II~ o 
46 
Whatever the various functions of piperidine, the fact 
remains, that the best yield ofo(-ethylcinnamic acid was 
obtained (Table V) when equal moles of piperidine and ethyl-
malonic acid were used. 
(c) Effect of increasing the ratio of the 
malonic acid !£ aldehyde ~yield. 
Since, in most synthetic applications of this method, 
the aldehyde will oe the more difficult to obtain reagent, 
the aldehyde was the limiting reagent in most reactions. 
When one mole of benzaldehyde, one mole of ethylmalonic 
acid, and one mole of piperidine were used (Table V p. 43), 
a 39.8% yield of~-ethylcinnamic acid was obtained. Increasing 
the ratio of ethylmalonic acid and piperidine to benzaldehyde 
to two to one increased the yield of~-ethylcinnamic acid to 
47.4%, while with a four to one ratio of ethylmalonie and 
piperidine to benzaldehyde the yield was increased to 59.7% 
(p. 171 reaction 23; p. lg'~ reactton 1). Although better 
yields based on benzaldehyde were obtained with a four to one 
J\C..ID 
ratio of ethylmalonic~to benzaldehyde, it was felt that 
using a two to one ratio of acid to aldehyde would accompli~ 
the purposes of this research and make more economical use 
of starting materials. 
In consequence of the above experimental facts, the 
standard conditions employed in the major part of this 
research involved heating one mole of aldehyde, two moles of 
the maloni c acid, and two moles of piperidine in pyridine 
solution at steam bath temperature until A ~ajor portion, 
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usually greater than 90%, or the theoretic~l amount or c~rbcn 
dioxide had been evolved. 
3. Re~ctions 2! malonic !£!£ ~ methylmalonio 
acid with aromatic aldehydes. 
Table VI (p. 49) summarizes the yields or cinnamic 
acids and ~-methyloinnamic acids obt~ined under standard 
conditions in this rese~rch and the reported yields. 
A comparison or the yields oft( -methylcinn~mie acids 
obtained in this research with those pre·viously reported 
demonstrates the saperiority or the Doebner method over 
other modes or preparation. The yields or~~methylcinnamic 
acids obtained in this research are better than tho~e reported 
in ~11 casest A more complete comparimon or yields is not 
possible for two reasons: 
(1) Approximately one-hal.f of the .t.-methylainnamic 
aeids prepared in this work are new co~pounds. 
(2) Previous workers have been reluctant to report 
yields. 
Any discussion of the effect of ring substitutents on 
yields must be prefaced by the statement that the yields 
obte.ined in this work are generally too high to allow more 
than a tentative evaluation of ele~tronic or steric errects 
of a ring substituent. Such an analysis would be e~sier if 
the yields varied widely. However, ror the present purposes 
it was considered more import~nt to prove and exploit e. 
ve.luable synthetic method than to uncover relations between 
substituent and yield. 
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Table VI 
Yields of cinnamic a.cids ~ ~-methyloinnamic acids. 
% Yield of 
~ -methylcinnamic % Yield of 
Ring acid einnamio acid 
Substituent B* 0 B D p 
95.8 60-70 p (9) 90 (34) 52 (10) 
93 H (68) 
o-Nitro 36.8 
--
35.8 73 (34) 7 5 ( 10) 
95 (11) 
m-Nitro 97 0 7 67.6 p .( 74) 90 (34) 7 5 ( 10) 
p-Nitro 88.8 82 (34) 82 (10) 
o-Chloro 86.0 71 (10) 
in-Chloro 98o5 ? p ( 7 5) ... 63 (10) 
p-Chloro 95.8 52 (10) 
2,4-Di-
Chloro 79.0 
3,4-Di-
Chloro 93.3 
2,6-Di-
Chloro 33.5 33.6 82 (10) 
o-Methoxy 84.7 54.1 p ( 8) ... 80 ( 35) 55 ( 8) 
67 H (68) 
m-Methoxy 88.5 ? p (18) 90 (36) 40 (12) 
48 H (68) 
p-.Methoxy 78.2 ? p ( 8) 80 (34) 20 (12) 
51.7 R (76) 
72 H (68) 
2,3-Di- 99.2 
Methoxy 
* The colu.rmas lettered B list the yields of various ring 
substituted o..-methylei:nnamic (p.17S'") and c!.nnamic acids 
(p. 114 ) obtained in this research. Column 0 contains the 
reported yields of various ~-methylclnnamic acids prepared 
by the Perkin reaction (P) (p. 3), the Reformatsky reaction 
(R) (p. 31), the Claisen :reaction (0) (p. 31), or by means 
of the Haloform reaction on the product of the reaction of 
an aldehyde with methyl ethyl ketone (H) ( p. .31) • ,Column 
D summarizes the yields of cinnamic acids obtained using the 
poebner modificatiqn of the Knoevenagel reaction, while 
column P gives yieJ,.ds of cinnamic acids employing the Perkin 
reaction. 
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Table VI (continued) 
%Yield o'f 
% Yield o'f ~-methy1cinnamic 
Ring acid cinnamic acid 
Substituent B 0 B D p 
-
3,4-Di- 91.4 ? p (77) 91.0 85 (38) 20 (12) 
methoxy ? c (78) 
? R (78) 
3,4-Methy1- 78.8 64.8 R (76) 85-90 ? (79) 
enedio.xy ? c (78) ( 35) 
? R (78) 
? c (67) 
o-Methyl 59.7 15 (10) 
m-Methy1 85.8 
-
23 (10) 
p-Methyl 68.2 ? a (80) 87 (34) 33 (10) 
p-Isopropy1 77.3 50 p ( 8) 64 ( 35) 42 ( 8) 
p-Dimethy1- 69.8 85 (39) 0 ' ( 13) 
amino 
2,4,6-Tri- 0 21.6 7 (10) 
methyl 
2,4,6 ... Tr1-
methyl-3,.$-
13.5 60 (12) 
dinitro 
4-Hydroxy 34~1 
' 
p (77) 80 (38) ? ( 81) 
3-metho.xy 
68.0 o-Hydro.xy ? p ( 82) 20 (34) ? ( 7) 
in-Hydroxy 59.0 90 (57) ? (83) 
p-Hydroxy 68.5 60 (83) 
p-Bromo "96.4 95.2 70 (84) 
~rural M 60.~- ? ~ ~g~~ l-Naphtha1- 70o8 Oo5 
dehyde 
A word about the signi:ficanoe o:f yields me.y be in order. 
The yields e.re reproducible to e.bout 5%. For example, the 
reaction o:f 2,4-dichlorobenze.ldehyde with methylmalonic e.oid 
(p. 17~ reactio~s 10,11,12) was :found to give yields o:f 
74.5%, 79.0%, and 76.8% in three runs. It may be argued, 
that these reactions involved the same isole.tion techniques 
with approximately the same quantities o:f material, and were 
thus subject to the se.me isolation losses. In the reaction 
of veratraldehyde with malonic e.eid (p.17~ reaction 3), an 
89.2% yield of 3,4-dimethoxycinnamic acid was obtained. 
When the quantities employed were inoree.sed by a :fe.etor o:f 
:forty ( p. 17L/ ree.ction 4), the yield we.s 91. O%. In this ee.se, 
at least, it is not likely the.t the isolation losses would be 
o:f the same order o:f magnitude. One :further comment concern-
ing the signi:f~cance o:f the yields must be made. Since it 
was not a general practice to recover unreacted aldehyde, 
the di:f:ferences in yield may be due in part to the di:f:ferences 
in stability o:f the aldehydes to the reaction conditions. 
There appears to be a tendency toward better yields 
with electron withdrawing groups in the ring (nitro, ohloro, 
bromo) than when electron supplying groups (methyl, isopropyl, 
dimethyls.mino, hydroxy, methoxy) are '(!>resent. <A -Methyl-o-
nitrocinnamic •cid and --methyl-2,6-dichloro~innamic acid 
should not be included in these argu~roents :for reasons which 
will be discussed later in this section. Since there may be 
a steric e:f:feot also operative, a :fair comparis<1>n seems to 
be that o:f para substituted compounds not conte.ining ortho 
groups. The yields o:f ~-methylcinnamie acids ful:filling 
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this reauirement are retabulated on page 53 Table VII. The 
yields from para substituted benzaldehydes containing electron 
withdrawing groups appear to be better than yields rrom para 
subSltuted benzaldehydes containing electron supplying groups. 
At the risk or being redundant, it must be stated that the 
raots suggest a tentative generalization, but do not establish 
the generalization. 
In the ease or the reaction or mesitaldehyde with 
methylmalonic acid, there appears to be a steric er.fect 
operative. The maximum possible yield or et..-methyl-2,4,6-
trimethylcinnamic acid in this reaction is 2.3~. There was 
a 97.7% recovery or mesitaldehyde. Ir the only errect or 
importance in this reaction was or an electronic nature, the 
yield from mesitaldehyde would be expected to roughly approx-
imate that obtained with p-dimethylaminobenzaldehyde (188). 
Since the yield with mesitaldehyde is substantially lower 
than that with p-dimethylaminobenzaldehyde, it is reasonable 
to assume that the low yield is due to steric ractors. That 
the yield rrom 2,4,6-trimethyl-3,5-dinitroben~aldehyde is 
better than that rrom mesitaldehyde indicates an enhanced 
reactivity due to the presence or electron withdrawing ~roups 
in the benzene ring (an inductive errect). It is dirricult 
to correlate the yields obtained .from other ortho subsituted 
benzaldehydee with the nature of the substitu~nt. The yield 
.from 2,3-dimethoxybenzaldehyde .for example, cannot be 
explained by the author with respect to the electronic or 
steric requiremen~o.f the molecule. 
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Table VII 
Yields of d.-methylcinnamic a.cids obtained from para 
substituted benzaldehydes not containing ortho groups. 
Electron 
Withdrawing Group 
p-Nitro 
p-Chloro 
3,4-Diohloro 
p-Bromo 
Yield 
88:8% 
9.5. ff1, 
93.3% 
96.4% 
Electron Supplying Group 
p-Metho:xy 
3,4-Dimethoxy 
3,4-Methylenedioxy 
p-Methyl 
p-Isopropyl 
p-Dimethylamino 
-H drox 
Table VIII 
Yield 
?8.2% 
91.4% 
?8.8% 
68.2% 
??.3% 
69.8% 
68.5 
Yields from the reactions of various monoalkylmalonio 
aal8R~ acids with representative benzaldehydes. 
Meth 1 
B~nzaldehtde 
1 
Alkylmalonio Acid 
Allyl Butyl Undecenyl Isopropyl 
0 
0 
53 
The yields from o-nitrobenzaldehyde and 2,6-dichloro-
benzaldehyde with methylmalonic acid were low. If this 
lowering of yield was caused e.xdusively by steric :factors, 
the yields obtained .from the reaction of o-nitrobenzaldehyde 
or 2,6-dichlorobenzaldehyde with malonic acid would be 
expected to di:ffer .from those with methylmalonic acid since 
the steric requirements are di:f.ferent. Yet, the yields 
tlt-1D 
obtained with malonic acid and methylmalonic~are essentially 
the same, a result suggesting that the yield lowering is due 
to some other factor. In the case of the 2,6-dichlorobenz-
aldehyde reaction, it was found that the yield lowering was 
due to the instability of the aldehyde to the reaction 
conditions (p.~4 )o With the o-nitrobenzaldehyde reaction, 
a portion of the yield lowering may be accounted for by the 
instability of the product to the reaction conditions (p.~S3), 
but a satisfactory explanation of the yield lowering must 
include other factors. Instability of o-nitrobenzaldehyde 
to the reaction conditions is suggested by the :fact that 
under the usual Doebner condi tion.s a 73% yield of o-ni tro~ 
cinnamic acid is reported. This point was not checked. 
A partial explanation for the low yields with hydroxy-
aldehydes is the instability of hydroxyeinnamic acids to 
the reaction conditions. Heating ~-methyl-p-hydroxycinnamic 
acid under the reaction conditions for a period equivalent 
to the reaction time resulted in the decarboxylation of 10% 
of the oinnamic acid · · ('po~S3 ) o It must be pointed out, that 
good yields can be obtained :from hydroxyaldehydes under the 
54 
proper conditionso An 85.7% yield was obtained ~rom vanillin 
and methylmalonic acid under di~ferent conditions than 
those generally employed (p.~~~ ). 
The yields obtained ~rom the reaction o~ methylmalonic 
acid with aromatic aldehydes under the conditions o~ this 
work are generally comparable to those reported ~or the 
reaction o~ malonic acid with aromatic aldehydes in the 
Doebner modi~ication o~ the Kn0evenagel reaction. 
4. Reactions .£! monoalkyl substitu,ted malonic 
acids ~ aromatic aldehydes. 
Table VIII (po 53) summarizes the yields obtained ~rom 
the reaction o~ various alkyl substituted maloni~ acids with 
representative aldehydes (p o 111- ItS ) • 
The table illustrates the general applicability o~ the 
method to the reaction o~ aromatic aldehydes with straight 
chain mono alkyl substituted malonic acids. As the length 
o~ the alkyl substituent is increased, the yields o~ ~-alkyl 
cinnamic acids generally decrease. This decrease is probab~ 
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due in part to the increasing di~~iculty o~ obtaining pure 
materials ~rom the reaction mixtures. In the reactions with w.a~l.) 
ethyl, and allyl malonic acid, the separation o~ the cinnamic 
acid product ~om the acid arising ~om the simple decarbox-
ylation o~ the malonic acid is a simple matter. The cinnamic 
acids are water insoluble, while the aliphatic acids are 
water soluble. However, the cinnamic acid products ~rom 
butyl and undeoenylmalonic acids must be separated by three 
or four crystallizations .from the products o~ simple decarbox-
ylation in order to obtain pure materials. In the reaction 
or undecenylmalonie acid with p-isopropylbenzalqehyde, there 
was complete recovery o!" the aldehyde. 
Placing a methyl branch one carbon rrom the site or 
reaction apparently is surricient to completely block reaction. 
No yield was obtained in the attempted reaction or isopropyl-
malonic acid with m-nitrobenzaldehyde or p-isopropylbenzalde-
l_lyde. With the m-nitrobenzaldehyde reaction, a 98.2% recovery-
or aldehyde was ebtained, while in the p-isopropylbenzaldehyde 
reaction, the aldehyde recovery was 97.6%. 
5. Attempted preparation £! o( .. phenylcinnamic 
acids. 
In aqueous solution at 99.5° phenylmalonic acid is 
reported (87) to decarboxylate about two hundred times as 
:fast as methylmalonio acid. When phenylmalonic acid was used 
in the Doebner process carbon dioxide evolution was rapid, 
but no condensation product was obtained (p. /'iS ) . Phenyl-
acetic acid was obtained in nearly quantitative yields. 
Evidently, decarboxylation or phenylmalonio acid occurs too 
rapidly under the conditions o:f the reaction to permit its 
use in the preparation or ~-substituted ~~~-unsaturated acids. 
6. Preparation .2£ phenylpyruvic acids. 
The reaction or aromatic aldehydes with tartronic acid 
(hydro.xymalonio aoid) or:rers an attractive method ror the 
preparation or phenylpyruvic acids, valuable as precursors 
or phenylacetic acids. I:m the present work, the reaction 
was applied to benzaldehyde and veratraldehyde .(p. /~ ) • 
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The yield o~ phenylpyruvic acid wa8 61.6% while the yield 
of 3,4-dimetn.oxyphenylpyruvic acid was 36.6%. The yields 
corrected for unreacted tartronic acid were 95.8% and 47.7% 
respectively. Further work is necessary to eetabli8h the 
general utility of this mode of preparation. 
One di~ficulty met in this work is the apparent inetabtl-
ity of the products te> the reaction conditione. Thus, when 
the reaction of benzaldehyde with tartronic acid wa8 carried 
out at steam bath temperature rather than 50°, no acidic 
product was obtained, and it seems reasonable to assume that 
the initially formed phenylpyruvic ·acid was decarboxylated. 
This assumption is based on the fact (p./'6?) that unsubstitu-
ted pyruvic acid was found to decarboxylate under similar 
conditions. The neutral material (poLfiD) obtained in the 
reaction of benzaldehyde and tartronic acid at steam bath 
temperature is probably a mixture of unreacted benzaldehyde 
and phenylacetaldehyde (XX). 
0 
~c~o + H-O~t~)~ ~~lh¥!r ~~W·i:w .. i)o ~c-c.oo~ • ( 
' 6 
I ( A ~~c.wo + C-0~ 
I[ 
7. Reactions of aliphatic aldehydes with methyl-
malonic acid. ' .-.;;.;=.;..=~ -
A preliminary investigation of the reactions of aliphatic 
aldehydes with methylmalonic acid suggests that ~-substituted 
o(,~-unsaturated acids may be prepared by this method. 
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A major difficulty in this work is the ease with which 
certain aldehydes polymerize under the rea.ction conditions. 
In the case of' acetaldehyde end citral, the aldehydes appar-
ently polymerize before reaction with methylmalonic acid can 
occur. 
The aldehydes isobutyraldehyde and he,tylidene heptal\A&.. 
are apparently stable to both polymerization an~ reaction 
with methylmalonic acid un<ller the conditions employed and 
can be largely recovered. 
The reaction of heptaldehyde with methylmalonic acid 
(p. 1q1 ) proceeds to give the desired product (XXI) in 
13.7-47.4% yields. 
Heptylidene hepta~XXII) is also formed in appreciable 
quantities (30. 7-55.8%). 
The extent of' f'orme.tion of heptylidene heptaU.(XXII) was 
redueeO. by the slow addition (p.rq~ ) of heptaldehyde to 
the reaction mixture. Although in this oase 6 the reaction 
mixture was heated for twenty hours after completion of 
the heptaldehyde addition 6 it has not been demonstrated 
whether this additional heating aids, has no eff'eet upon, 
or hinders the reaction. 
It is interesting to note 6 that in the ease of the 
hepte.ldehyde reaction 6 the yield of 2-methyl-2-nonenoie 
acid (XXI) is equally as good (or as poor) employing a molar 
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amount or a trace amount of piperidine. In the absence of 
piperidine, although carbon dioxide evolution was cl·ose to 
theoretical, no condensation product was obtained. The 
recovery of heptaldehyde was 90.5% in this case (p.Jq~ ). 
The reaction of cinnamaldehyde with methylmalonic acid 
It is difficult to crystallize the crude product frim 
solvents other than a 10?& alcohol-90~ water mixture. 
8. Attempted reaction of ketones with methyl-
mm.lonic acid. 
Although certain ketones are reported (34) to react 
with malonic acid under Doebner conditions, benzophenone 
and cyclohexanone did not react with methylmalonic e.cid 
under the usual conditions of the reaction. In both cases, 
carbon dioxide evolution wm.s clese to theoretical, while 
ketone recovery was essentially quantitative (p.Jqq ) • 
9. Reaction of m.cetoacetic acid with m-nitro-~~~~· ---- ---- - ~~~ 
benzaldehyde. 
j 
In preliminary work designed to study the possible 
extension of the reaction to ~-keto acids, the reaction of 
aeetom.oetic acid with m-nitrobenzaldehyde was carried out. 
A 51.1% yield of m-nitrobenzalacetone was obtained (p.~oo ). 
However, a 66% yield of m-nitrobenzalacetone was obtained 
when ace~one and acetic acid were substituted for acetoacetic 
acid under otherwise identical conditione (p.~l ) • It, 
therefore, has not been demonstrated whether m-nitrobenzal-
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4.. •• • 
acetone arises directly rrom the reaction or acetoacetic acM 
and m-nitrobenzaldehyde or rroin the reaction or the acetone 
liberated rrom acetoacetic acid with m-nitrobenzaldehyde 
AtE"ro· 
under . the inrluence ofhacetic acid~ 
10. Reactions of ethyl hydrogen acetamidomalonate 
with aromatic aldehydes. 
Since attempts to prepare acetamidomalonic acid were 
u~~uccessrul (p. Jl.f3 ) , a brier study of the reactions or 
ethyl hydr0gen acetamidomalonate with aldehydes was under-
taken. 
F In the reaction or m-nitrobenzaldehyde with ethyl 
hydrogen aeetamidomalonate a product was obtained which was 
demonstrated to be ethyl ~=a.cetamido-{1-hydroxy-m-ni tro~ 
hydrocinnamic acid~ 
~ /CDJI 
+ Cll3tNA- Cll '~ 
E"TII-'IL ~~~ 
Ac-E"TAMaiOPl~ 
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Proof of the structure of this compound will be presented in 
a later section (p . 7~ ). The product apparently arises from 
an aldol condensation followed by decarboxylation . 
Attempted reaction of piperonal and veratraldehyde 
with ethyl hydrogen acetamidomalonate resulted in recov e ry 
of the aldehydes . 
11 . Nature of products . 
In many of the reactions of monosubstituted malonic 
acids with aromatic aldehydes the products are known . 
Therefore, there is no reason not to accept the desi gnation 
as ~-alkyl cinnamic compounds . The question~ discussed in 
' 
this section relate to the geometric form of the cinnamic 
acids, to the nature of the two products obtained presumably 
by an initial aldol condensation , to the position of the 
double bonds in the products from allylmalonic acid, and to 
the nature of the product obtained from the reacti ons of 
methylmalonic acid and heptaldehyde . 
a . Geometry of the cinnamic acids. 
The products of the reaction may be cis or trans 
o(-substituted cinnamic acids . cis o( -Substituted c i nnarnic 
acids are defined as those in which the acid g roup and the 
penzene ring are on the same side of the double bond 
(XXIII}, while in trans ~-substituted cinnamic acids the 
acid group and benzene ring are on opposite ~ides of the 
double bond (XXIV) . 
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I.J R.' 
I I 
c ~ t 
~-a ' (.OOH 
H C.OOH 
I ~ C,=~ R-o ~~ 
One method of determining cis or trans configuration 
of an ~-substituted cinnamio acid is based on the formation 
of indenones from cis ol.-subsituted oi nnamic aci ds on treat-
ment with concentrated sulfuric aoid o 
It is reported (89), th_at treat_ment __ of c,is ~-methylcinnamic 
acid with concentrated sulfuric acid leads to the formation 
of ~-methylindenone (XXV) o Trans ~-methyloinnamic a cid is 
recovered unchanged from treatment under the same condit i ons o 
Similarly, the corresponding indenones have been obtained from 
cis ~-ethylcinnamic acid (89) and cis ~-amylcinnamic acid (90) o 
The fact that deep colors are obtained when cis ~-alkyl -
cinnamic acids are treated with concentrated sulfuric acid , 
due presumably to the indenones produced, has been used as 
a qualitative means of distinguishing between the cis and 
trans compounds o The trans ~-alkylcinnamic acids generally 
give colorless solutions in concentrated sulfuric acid o 
Table IX (p o 63) compares the melting points of certain 
acids obtained in the present work with those reported in 
which both isomers are known o 
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Table IX 
Comp arison of the melting points of certain cinnamic 
acids obtained in the present ~ with those reported in 
which both cis and trans isomers are knowno 
Reported mopo 
Compound (Reference) mo 0 cis mo 0 trans Present Work 
~-Methylcinnamic acid f~~~ 91 - 92° 820 80 - 81° ~=Methylcinnamic acid 90 79 
~-Ethylcinnamic acid ( 89) o i l 104 103- 104 
« -Methyl-a -methyl= 
cinnamic acid (71) 123 oil 98-99 
~-Methyl-p-methyl-
cinnamic acid (71) 95 170 169 - 170 
« -Met hyl - o -met hoxy-
cinnamic acid (71) 104- 105 103-104 
~-Methyl-p-methoxy-
oinnamic acid (?1) 93 154 15 4 0 5 -15 5 0 5 
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The ~-alkylcinnamic acids obtained in this work corres-
pond, in all cases where comparisons are possible, to the 
tr ans isomers. The assignments of structure listed in the 
table were made either on the basis of indenone formation 
(89) or the color test with sulfuric acid (71) . 
In using the indenone te s t or t h e c o lor test it is 
desirable to te s t both the cis and the trans forms of the 
cinnamic acid. The tests appear to be unequivocal when one 
member of a pair of g eometric isomers g ives a positive test 
and the other memb er a neg ative test . The Doebner process 
produces only one product . Therefore , application of the 
tests in this manner was not possible . The infra-red and 
ultra-violet absorption spectra of pairs of cis-trans com-
pounds could show significant differences, so that detexmin-
ation of the absorption could permit assig nment of configura -
tion without the necessity of obtaining both compounds of the 
pair. To test this possibility, the preparation of two cis-
trans pairs, the ~-methylcinnamic acids and the ~-methyl-
3,4-dimethoxycinnamic acids, wa s undertaken. 
(i) The preparation of cis and trans 
~-methylcinnamic acid. 
Trans ~-methylcinnamic acid was available from the 
Doebner reaction of methy lma lonic acid and benzaldehyde 
(p.l?? ) . The cis form was prepared according to the procedure 
of Stoermer and Voht (89) by irradiation of the trans form in 
benzene solution with ultra-violet light. The yield was very 
low; 2.3 milligrams of cis ~-methylcinnamic a cid was obtained 
/ 
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from 12 grams of start i~mat_er ial. 
The ultra-violet absorption spectra of cis and trans 
~-methylcinnamic acid are given on pages 66 and 67. Cis 
ol.-Methylcinnamic acid was found to have an extipction of 
17,260 at illi\~ - 255 my. while trans ~-methylcinnamic acid 
had an extinction of 22,650 at ).IV\4)( = 26611NtJA.. Cis cinnamic 
a.1lid is reported (91) to have an extinction of 9,500 at 
ln'\AA = 264~ while trans cinnamic acid is reported (91) to 
have an extinotion of 21,000 at htAK = 273~. Thus, a 
comparison of the ultra-violet spectra of cis and trans 
~-methylcinnamic acid gives results similar to those ob-
tained when cis and trans cinnamic acids are compared. In 
both cases, the trans compounds have more intense absorptions 
which occur at 16nger wavelengths than the cis compounds. 
(ii) Attempted preparation of cis and 
trans~-methll-3,!-dimethoxycinnamic acid. 
It is reported (92), that when veratraldehyde reacts 
with ethyl~-bromopropionate under Reformatsky conditions 
and the product is dehydrated and saponified, two isomeric 
acids with melting point 144° and 232° are obtained. Ide 
and Buck ( 92) suggest that both materials are a( -methyl-
3,4-dimethoxycinnamic acids, the higher melting material 
"presumably" being the trans isomer. This work is of 
importance for two reasons. The ~-methyl-3~-dimethoxy­
cinnamic acid obtained from the reaction of ' veratraldehyde 
with methylmalonic acid (p. 17C ) had a melting point of 
0 142-142.5 and would correspond, if Ide and Buck's assignment 
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is correct~ to the cis isomer . As was previously pointed 
out, the ~-substituted cinnamic acids obtained ip th e present 
work generally are the tr an s isomers. Ide and Buck's con-
elusions, if' .correct, woul d also provide a means of preparing 
·another ci s;._t rans p air . 
On repeating this work ( p . ~OC. ) , a sing le !Ilat eri a l was 
obtained in a 3 . 6% yield . Thi s acid (melting po int 265 . 5-
2660) was different from either of the two acids reported 
by Ide and Buck in melting point , but its c a rbon , hydrog en , 
a nd methoxyl ana lyses, and neutralizat ion equivalent all 
were in g ood agreement with~-methyl-3, 4-dimetho xy cinnamic 
acid . A second run was ma de in which the pho s phorus o xy -
chloride dehydration step was performed at room temperature 
instead of at steam bath temperature. In thi s case , two 
acidic materials with melt i ng points 139-140 . 5° (14 . 4%) and 
227.5-228.5° (1.9%) were obtained . The 139-140 . 5° material 
gave no melting point de press i on when mixed with ~-methyl-
3,4-d imetho xycinnamic acid (melt i ng po i nt 14 2-142 ~ 5°) 
obtained from the reaction of veratraldehyde wit h methyl -
malonic acid. The carbon, hydrog en analysis of the 227 . 5-
o 228 . 5 a cid was in good agr eement with that of ~-methyl-
3,4-dimethoxycinnamic acid . 
Attempted cyclization of the three isomeric acids with 
sulfuric or polyphosphoric acids to the corresponding inden-
ones g ave only uncha ng ed st a rti ng mater ia l . The 139-140 . 5° 
acid could be hydro g enated with palladium on charcoal or 
Raney Alloy t o the known ~-methyl -3 , 4-dimethoxyhydroc innamic 
68 
59 
acid, while th~ hig her melting acids were recovered unchang ed a fter 
attempted hydrog enations. 
Molecular weight determinations, by the Raf t method, showed 
the 139-140 ~ P 0 material to be monomeric while the higher melt-
ing acids are dimeric. 
There is thus, no evidence tha t the 139-140.5° acid is 
the c is isomer . In fact lack of indenone formation suggests 
that the acid probably is the trans isomer. 
The dimeric acids obtained in this work were not inves-
tigated further. One possibility for their structure, is 
that they are of the truxillic or truxinic acid type . When 
trans cinnamic acid is exposed to sunlight, one of two pro-
ducts is reported (93) to be obtained. The nature of the 
product depends upon the previous history of the cinnamic acid. 
~ ~ ~~ ~ w. <:AOH c.ctM 
<(>~" :: ~ijCOO H $1M14G=It! > ~ 
~ H Hcxr. .. ~ c.~ (~ ~ 
:mzt mii 
The product of the dimerization of trans oinnamio acid is 
either~ -truxinic acid (XXVI) or.ct.-truxillic acid (XXVII). 
In a recent paper (94), Drake and Tuemmler suggest that 
ethyl 3,4,5-t .rimethoxybenzylidenemalonate (XXVIII) undergoes 
dimerization to a cyclobutyl compound {XXIX) on standing . 
. 
X)( VIII 
By analogy to these reports, the dimeric acids might have 
the structures XXX, XXXA, XXXI, or XXXIA: 
~· 
' I 
.m:A 
However, since no ring closure occurred on treating the dimers 
with sulfuric acid or polyphophoric acid, structures XXXA 
and :X:XXI which would be expected to cyclize to indone type 
compounds are rendered unlikely. 
The ultra-violet absorption spectra for o( -methyl-
3,4-dimethoxycinnamic acid,~-methyl-3;4-dimethoxyhydrocinnamic 
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acid, and the two dimeric ~-methyl-3,4-dimethoxycinnaPlic acids 
are given on pages 72-75. If the dimeric acids have ~tructures 
XXX and XXXIA their ultra-violet absorptions wou~d be expected 
to approximate that of ~-methyl-3 ,4-dimethoxyhydrqcinnamic 
acid. The ultra-violet absorption of the dimeric acid with 
'·. 
0 
melting point 265.5-266 has its maxima at wavel~ngths 
different from that of ~-methyl-3,4-dimethoxyhyorocinnamic 
acid, while the dimeric acid with melting point 226.5-228 
has its absorption maxima at approximately the sa.me wave-
lengths as ~-methyl-3,4-dimethoxyhydrocinnamic acid but at 
higher intensity. In order to compare the absorption inten-
sities of monomer and dimer the extinction of the monomer 
should be doubled. 
Thus, although structures XXX and XXXIA are suggested 
as possibilities for the dimeric acids, further work is 
necessary to establish their structures. 
To summarize, in the work on the geometry of the c innamic 
acids, the original idea of using absorption data as a key 
to assigning configuration was abandoned since only one cis-
trans pair was prepa.red. '!'he acids are assigned the trans 
configuration by comparison with known work. Since the 
Doebner proeess with malonic a.cid is known to yield trans 
products in the oases of glyoxylic acid (32), benzaldehyde 
(30), acetaldehyde (205), and mesitaldehyde (176) it might be 
expected that the Doebner process with monosubstituted malonic 
acids would also yield trans products. As was previously 
(p. tJt/. ) pointed out, the ot,-alkylcinnamic acids obtained in 
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this research eorrespopd, in all cases wpere comparisons are 
i. 
possible, to the trans isomers. 
b. Structure of two aldol products. 
- ( . 
In the course of the present work, two materials were 
encountered which are presumably products of a reaction 
related to the aldol process, The products were obtained in 
th~ reaction of m-nitrobenzaldehyde with methylmalonic in the 
presence of triethylamine, and in the reaction of the same 
aldehyde with ethyl hydrogen acetamidomalonate in the presence 
of piperidine. The formulations a re as follows: 
) 
Str~cture XXXII was assi gned to the first product on the 
basis of elementary analysis, neutralization equivalent, and 
the presence of infra-red absorption bands at 324? cm·l (hydro xyl), 
lo8o cm""1 (acid), 1524 em·' and 135? cm·l (nitro). Structure 
XXXII was also supported by ultra-violet absorption data 
whichltfti discussed below . 
Structure XXXIII wa s assi gned to the product from ethyl 
?o 
hydrogen acetamidomalonate on the basis of analysis and 
absorption spectra. The compound had infra-red absorption 
bands at 3311 cm·1 (hydroxyl), 3175 cm·1 (amide Nfl), 1730 cm·1 
(ester) , 1?56 em -1 (amide) , 1541 cm·1 (amide and/or nitro) , 
and 1351 cm·l (nitro). 
The ultra-violet absorption curves for Cl( -JJ}.ethyl-~­
hydroxy-m-nitrob.ydrocinna.mic acid (XXXII), 0( -acetamido-~­
hydroxy-m-ni trohydrocinnamic acid (XXXIII) , fA- (m-ni trophenyl) 
.::ethanol (XXXIV) and ot.-methyl-m-nitroc innamic acid (XXV) 
are given on pages 78,79, 80, andftl. The results are 
summarized below, 
~~- "f.(~ 
Qr~c- ~ '-~ ~~ 
The ultra-violet absorption curves for compounds XXXII 
end XXXIII as well as XXXIV were very similar. The position 
and intensity of the maxima were close enough to be indica-
tive of the same absorbing system. On the other hand, the 
absorption for the cinnamic acid (XXXV) was distinctly 
different from the first three compounds. 
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The correctness of the assignment of XXXII and XXXIII 
was accepted on the basis of the above evidenoe. It is 
assumed that the o~igin of the hydroxyl compOunds is an 
initial aldol process, i.e., 
OIJ 
~~-~ .. -COON 
v ~ 
~ 
...... _:mn 
. . , j ,. ' .! 
( 
The initially formed aldol product may then dedarboxylate 
to give the observed produets. 
c. Position of the double bonds in the 
products ~ allylmalonic ~· 
The product of the reactions of allylmalonic acid with 
aromatic aldehydes would be expected to have struetureXXXVI. 
However, the possibility must be considered that under the 
reaction conditions the unoonjugated double bond becomes 
conjugated, i.e. an allylic rearrangement (206) takes place. 
The structures XXXVII and XXXVIII were, therefore also con-
sidered. 
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It was assumed, that whatever the arrangement of the 
ethylenic bonds in the compounds, this arrangement was the 
same in all the compounds. The results of ozonolysis work 
and a comparison of ultra-violet absorption data were used 
in deciding which of the three structure was to be preferred. 
~-"Allyl"-o-metlioxycipnamic ecid, after absorp~ion of 
one mole of ozone and decomposition of the ozonide with zinc, 
afforded formaldehyde but no acetaldehyde. The formaldehyde, 
isolated as the dimedone derivative, was obtained in '14% 
yield. Formation of formaldehyde and the absenee of acet-
aldehyde supports XXXVI and XXXVIII and argues against XXXVII. 
The ultra.-violet absorptions of o( -"allyl" -m-ni tro-
cinnamic aeid andG(-methyl-m-nitrocinnamic acid (p. itl ). 
are very similar. The ultra-violet absorptions ofo( -"allyl"-
o-methoxycinnamic acid and ~-methyl-o-methoxyeinnamie acid 
(p.tr) are also very similar. The maxima occur at the same 
wavelength, and the extinct ion for the o(-'' allyl" compounds 
although about 9% less than for the corresponding «-methyl 
compounds, is of the same order of magnitude. These 
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similarities are to be expected if the "allyl" compounds are 
~-allylcinnamic acids (XXXVI). 
The following ultra-violet data, obtained in 95% 
ethanol ~nless otherwise noted, is of assistance in considering 
structure XXXVIII: 
C~t~ .. t,~-C.~ • t.~-t.oo\ol 
s.c.t etc At.ll> 
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If the allyl compounds had structure XXXVIII, their ultra-
violet absorption spectra would be expected to closely 
resemble that of the benzene ring superimposed on a spectra 
which may be taken as that of sorbic acid. Thus, one might 
expect a curve with maxima at 254~;.. and 263.7 ~ for tA-
"ellyl"-m-nitrooinnamic acid, the maxima corresponding to 
those of sorbic acid and m-nitrotoluene. While for~-"allyl"-
o-methoxycinnamic acid, maxima at 254~ and 265~ might be 
expected. Yet, the actual compounds contain only one maximum 
in this region (p. 84). It is possible, that superposition 
of the absorption curves of m-nitrotoluene and sorbic acid or 
of anisole and sorbic acid would give curves with only one 
maximum. The extinctions in this case would be greater 
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then 24,800. The observed extinctions are therefore too low 
for structure XXXVIII. 
The available evidence, therefore, suppor,t s structure 
XXXVI for the products of the react ions of allylmalonic 
acid with aromatic aldehydes. 
d. Structure ~the product of the reaction 
of heptaldehyde with methy1malonic acid. 
The reaction of malonic acid with aliphatic aldehydes 
is reported (33) to give ~~~-unsaturated acids as well as 
«,~-unsaturated acids. Thus, the product of the reaction of 
heptaldehyde with methylmalonic acid may be a ~,(-unsaturated 
acid (:{XIXB) or a mixture ofG( ,~ (XXIXA) and~ ,l-unsaturated 
acids. Another possibility is that the product is 2-methylene-
nonanoic acid (XXXIXC) arising by isomerization of the double 
bond. Finally the geometric arrangement of the product must 
be considered. 
c."3tC.\l~)~~· c. -too~ . ~~ 
''''' A 
c.~l~~.,c.At s C.~·~ -too~ 
e-w., 
Y*'* a 
Whatever information could be brought to bear on thes e 
questions indicated that the product was trans 2-methyl-2-
noneooic acid. 
The infra-red spectrum of the product showed a strong 
•I ~ band at 1689 em , in the reg ion characteristic for d.,,-
unsaturated acids (208). Since no absorption band was appar-
ent at the normal (208) nonconjugated acid position, about 
1709 cm·1 , if any ~,~-unsaturated material was present, it 
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was present ih small amounts. 
The presence of the ~, t isomer was tested for by subject-
ing the acid to treatment with 80% sulfuric acid. It is 
reported (209}, that ~,t-nonenoic aatd may be s~parated from 
o( ,~-nonenoic acid by treatment with 85% sulfur~ a acid. This 
converts the ~, t acid to the sodium carbona~~ insoluble k'o.n ... 
amylbutyrolactone~ 2-Methyl-3-nonenoic acid (XXXIXB} might 
also be expected to be converted to the lactone upder these 
conditions. However, since the refractive index of the acid 
was unchanged after sulfuric acid treatment the absence of 
~,'{acid is indicated. 
Another indication that the product is the d,~-unsaturated 
acid (XXXIXA) is that the ultra-violet spectrum of the com-
pound shows a maximum at 216~ with an extinction of 13,250 
(p. 88). If the compound was the~,¥ isomer, the maximum 
would be expected at a lower wavelength. For example, it is 
reported ( 99} that 3 -methyl-2-nonenoic acid has its )."'~ 
at 219 'Mjo'. while the )• for 3-methyl-3-nonenoic aoid is 
below 205,.. As will be discussed below, the extinction of 
2-methyl-2-nonenoic acid would be expected to be about 13,500. 
Therefore, if 2-methyl-3-nonenoic acid is present in the 
product it must be present in minor amounts since the extinc-
tion of 2-methyl-3-nonenoic acid would be expected to be sub-
stantially below 13,500 at 216~. 
Evidence against the ~-methylene st-ructur,e (XXXIXC) 
is also obtainable from the ultra-violet sp·ectrum of the 
product. 2-Methylenehexanoic acid is reported (100) to 
8? 
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have its ultra-violet maximum at 208.5 "")4, while ?..IYitw. for 
2-methyl-2-hexenoic acid is at 217/11\~. The ultra-violet 
absorption for the present compound has ~MMC e.t 215 ~Y. . 
Since the absorption spectra for the nonenoic acids should 
be analogous to those bf the hexenoic acids, structure 
XXXIXA, 2-methyl-2-nonenoic acid, is favored for the product 
of the reaction of heptaldehyde with methylmalonic acid. 
One argument in favor of trans configuration for the 
products of the reaction of methylmalonic acid with alde-
hydes, based on analogy to malonic, has already been pre-
sented ( p ·11 ) . Cason ( 100) has f'uW~t> M g.eomet ry Of the 
2-methyl-2-alkenoic acids by comparing their acid dissocia-
tion constants with those (103) of tiglic (XL) and angelic 
(XLI) acids. 
"'!. t c~ \ I 
C=C 
~I 'ccroij 
~~ C \ I C..00\4 
C,::::C., 
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The configuration of these last two compounds was assigned 
by noting that tiglic acid esterifies faster than angelic 
acid ( 102). Since greater hindrance to esterification 
might be expected of structure XLI than of XL, the former 
is associated with angelic acid and "the l ·ater with tiglic 
acid. Cason assigns the 2-methyl-2-hexenoic 'BCid with an 
acid dissociation constant corresponding to that of angelic 
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acid (XLI) the cis configuration. 
Cason (100) finds that the ultra-violet suectra pf the 
trans acids apparently varies regularly with molecu~ar weight. 
" ••. The spectral properties of the trans -2-methyl .... 2-alkenoio 
acids appear to be near the limiting value at the ~olecu~ar 
weight level of 2-methyl-2-hexenoic acid .... " For example, 
trans-2-methyl-2-hexenoic acid (XLII) has ~tl'l~ at 217 ~ 
with an extinction of 13,580 while 2-methyl- 2-eicosenoic 
acid ( 104) (XLIII) has lm~ at 217 ~ and an extinct ion of 
13 '500 0 
C~(~~~),,. ~=C-C.OOI4 
~~ 
cis-2-Methyl-2-hexenoic acid was found to have ~MIW. at 218 ~Y.. 
and an extinction of 8,780 (100) . 
Thus, the product of the Doebner reaction of hept a ldehyde 
and methylmalonio acid has ultra-violet absorption cha racter-
istics,~~= 216; '-~r. = 13,250, \o\' hich fit very well into 
the series of trans 2-methyl-2-alkenoic acids examined by 
I·: 
.'· 
Cason. The product is therefore conclu-de·d ·to 'be tr ans 2-
methyl-2-nonenoic acid. 
12. Bffeet of water on the reaction. ~~- ----
Table X ( p. 91) summarizes ·the yields of~ -methyl-m-
nitrocinnamic acid obtained from m-nitrobenzal4ehyde and 
i ' 
methylmalonic acid in pyridine-piperidine s·olut ion under 
the influence of varying amounts of water . The yield of 
~-methyl-m-nitrocinnamic acid is seen to a:p:pTeci: a'bly decrease 
with the addition of water . 
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Table X 
The effect of water 2B the reaction of m-nitrobenz-
aldehyde with methylmalonic acid. 
I 
Water added 
none 
one drop 
molar ~ount 
Yield of«~methyl-m-nitrocinnamic acid 
97.7% 
73.5% 
55.$% 
Table XI 
. Th.e effect of m add it ion .Q! "Drier ite" on yield. 
% Yield % Yield 
Product Without "Drierite" With "Drierite" 
CC-Ethylcinnamic acid 47 . 4 78 . 5 
~~!thyl-3,4~methylene-
dioxycinnamic acid 29 . 5 31.9 
•-Ethyl-o-methoxy-
cinnamic acid 54.5 68 . 5 
«-~ethyl-4-hydroxy-
~~methoxycinnamic acid 34.1 85.7 
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The effect of the addition of "Drierite" to the reaction 
mixture on yield is give~in Table XI (p. 91). In duplicate 
runs, differing only in tlle presence or absence of "Drierite'', 
yield~ were inv~riably higher with "Drierite". It is assumed, 
that tlle increased yields are related to the removal of 
wat~r by the "Drierite". However, since no other drying 
agent was tested, the possibility that "Drierite" functiontin 
some other way in catalyzing the process has not been elimin-
e.t ed. 
A comparison of amount of carbon dioxide evolution with 
reaction time (p. ~,r) indicates that addition of water 
decreases the overall rate of carbon dioxide evolution, while 
ad~ition of "Drierite" increases the overall rate of carbon 
dioxi~e evolution. 
The presence of water apparently decreases the rate of 
the simple decarboxylation of methylmalonic acid markedly. 
· A carbon dioxide evolution only 83% of theoretical was 
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o~tained when methylmalonic , acid and m-nitrobenzaldehyde 
were allowed ~o react for one hundreq - and thirteen hours in 
the presence of a molar amount of wat e::t;". In th!Fl case; · 
carbon dioxide is being generated from ·both ·simple decar-
~1> 1"l\E ~noAI ~\1\\- 1'1'1\~IJnR,oo~k", I~~ S.tMPI.E ~t..Af/rJ~ ~F JfJETif~L./IIA~1C 1\CI.]) 
boxylation of methylmalonic acidhin pyridine-piperidine 
solution (Graph V p.IO~) the carbon dioxide evolution was 
90.6- of theoretical in less than twelve hours. Since the 
yield of ot~methyl-m-n:Ltrocinnamic acid also dec,reases with 
the addition of water, the rate ·of --ro·rmat·ion o-r Q( -methyl-
· m~nitfocinnamic acid must also oe decreased. 
Removal of water (addition of "Drierite") from the reaction 
increa~es both the rate of overall carbon dioxide evolution 
and the yield of t~e cinnamic acid. The rate of formation of 
the cinnamic acid must be increased by water removal. 
A possible explanation for the water effect is that the 
formation of water during the reaction occurs in a rever-
s~ ble step: 
Addition of water would drive the postulate equilibrium to 
the left, while removal of water would drive it to the 
right, 
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Further discussion of the water effect will be 
on page Jtl' . 
13. Effect of~ QE the reaction. 
Table XII ( p. 94) summ.ari zes the effects of various 
amines on the reaction of m-nitrobenzaldehyde with methyl-
malonic acid in "Special" pyridine (p.l(0 &# ) solution. The 
conditions were standard, i.e. two • moles of amine, two 
t moles qf methylmalonic acid, and one mole of aldehyde, 
except f'or the variance in amine. The base strengths of the 
amines used are given in Table XIII (p. 94). 
When the only base present in the reaction was the weak 
base, pyridine, no product was obtained. This I'ac·t indio at es 
a cle~r distincyion between the remotions of methylmalonio 
aQid : and malonic acid. In the reaction qf malonic acid with 
m~nitrobenzaldehyde in the absence of a base other than 
pyridine, a 95.8% yield of m-nitrocinnamic acid was obtained 
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Table XII 
Effect of various amines 2B ~ reaction of m-nitro-
benzaldeb;yde with methylmalonic acid. T_he reaction were r~n 
il). "Speoie.l" pyrid~ne (p.l64) solution employing two moles 
of e.min~ and two moles of methylmalonic acid to one of 
m-nitrobenzaldehyde. 
% Yield of % Recovery of 
~ 014CM, Q"~~ I 0® 
Amine Added NO~ tJ\ 
None 0 0 96 
N-Bthylpiperidine 0 60.2(crude) 24.9 
Piperidine 97.7 
Triethylamine 0 45.0 
N-Benzy1methylamine 99.0 
*N-Benzylmethylamine 
and triethylamine 38.9 56.5 
• 0.002 mole N-benzylmethylamine and 0.038 mole triethylamine 
Table XIII 
l~i'~ 
Base streng~_ns of the amines used in the present work. 
.Amine 
Pyridine 
N-Ethylpiperidine 
Piperidine 
Tri et hyle.mine 
N-Benzylmethylamine 
:ElSe. (25°) 
5.19 
10.41 
11.13 
10.74 
9.58 
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There is no appE).rent correlation between base strength 
end the nature of the product of the reaction. Piperidine 
and N-benzylmethylamine give ~-methyl-m-nitrooinnamic acid as 
th~ exclusive product, while N-ethylpiperidine and tri-
ethyla~ine, amines with base strengths intermediate between 
those o! piperidine and N-benzylmethylamine, yield only 
~-methrl-~-hydroxy-m-nitrohydrocinnamic acid. 
Since the type of reaction product is dependent upon 
the base used, and this dependence is not on base strength, 
it seems· logical to ascrib~ the difference to the amine type. 
Piperidine and N-benzylmethylamine are secondary amines, 
while N-ethylpiperidine and triethylamine are tertiary amines. 
A plausible explanation for this difference is that the two 
observed products arise by different paths: 
tl. 
6. 
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In tne pres~nce of secondary amines, the formation of 
~-methyl-m-nitrocinnamic acid might arise from the decar-
boxylation and elimination of amine from the Mannich inter-
mediate (A.}. In the presence of tertiary amines, the for-
mation of~-methyl-~-hydroxy-m-nitrohydrocinnamic acid 
might arise from the decarboxylation of the aldol intermed-
iate (~.}. Further discussion of these plausible mechanisms 
will be deferred to a latter section (p. J07 }. 
14. ~ ;eertaining to possible mechanisms. 
a. Attempted preparation of ~ possible 
reaction intermediate. 
An unsuccessful attempt was made to prepare the 
~-hydroxymalonic acid XLVI, which might be an intermediate 
in the Doebner process (p.l7}, from either ·dibenzyl benzoyl-
methylmalonate (XLIV} or diethyl benzoylmethylmalonate (XLV). 
0 
<t- ~ -c. (~&c.w._~)~ 
2.~3 
1W 
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The attempted preparation of di benzyl benzoylmethyl-
malonate (XLIV) was carried out by converting diethyl methyl-
malonate to the dibenzyl ester by ester interchapge, and 
condensing the sodio derivative of this est·er with benzoyl 
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chloride: ,.... 
C.'l~(~C.W..~~ + ~ t 
~ 
However, a pure sample of dibenzyl benzoylmethylmalonate 
(XLIV) was not obtained. 
Diethyl benzoylmethylmalonate (XLV) was prepared by 
the condensation of benzoyl chloride with sodio diethyl 
methylmalonat e ~ In the n reduct ion" of diethy l benzoyl-
methylmalonate with sodium borohydr i de, the only product 
obtained was benzoic acid. A plausible explanation of t he 
formation of benzoic acid is that bases present caused the 
hydrolysis of the ~-keto ester (XLV): 
~-t~~et~ ~ . DF . loo ~8!> + ~CAI(~O:~ 
-m 
Perhaps more satisfactory results would be obt a ined if the 
reduction was carried out i n a neutral medium , i oe . through 
the use of zinc borohydride ( 210) o 
When diethyl benzoylmethylmalonate (XLV) was hydrog enated 
in alcohol solution in the presence of 10% palladium on 
charcoal, and the hydrogenation arbitrarily sto pped after 
one mole of hydrogen had been absorbed, an apparent mi xture 
of benzaldehyde, benzyl a lcohol , diethyl methylma lonate and 
unchanged diethyl benzoylmethylmalonate was obtained o When 
the hydrogenation wa s allowed to proceed until app ro ximately 
two moles of hydrog en were absorbed, a mi xture of b enzyl 
97 
alcohol and di et hyl methylmalonate was obtained. In the 
catalytic hydrogenations, the desired product (L) is apparently 
unstable under the conditions employed and decomposes to 
benzaldehyde and diethyl methylmalonate. 
_ ..... ,.~ ... ~~(~~)l 
~l"*-
~Oij 
An analogous hydrogenation result has recently been 
reported by Drake and Tuemmler (94). When diethyl 3,4,5-
trimethoxybenzoylmalonate (XLVII) was hydrogenated in the 
presence of 10% palladium on charcoal, one mole of hydrogen 
was absorbed and a 94% yield of 3,4,5-trimethoxybenzaldehyde 
(XL VI II ) o bt a i ned . 
0 
~~ e.~(r.o._r;:t\~ 
0~ 
x'-Y't 
If the hydrogenation was carried out in the presence of 
Adam's catalyst, two moles of hydro gen were absorbed and a 
59% yield of diethyl malonate and a 68% yield of 3,4,5-tri-
methoxybenzyl alcohol (XLIX) obtained . 
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There is one mode of preparation of the desired hydroxy-
malonic acid (XLVI) which might prove more successful than 
those attempted in the present work . 
the formation of the hydroxyester LI : 
Vul'fson (105) reports 
0~ <Q-t~ -~( ~tJ: )~ 
'U 
-
The hydroxy ester (LI) could not be isolated in pure form by 
Vul'fson, and gave diethyl benzalmalonate on distillation 
in vacuo . 
b . Attempted isolation of a reaction 
intermediate . 
Two attempts were made to isolate an intermediate from 
the reaction proper. In the first (p . ~~~ ), benzaldehyde and 
methylmalonic acid were allowed to react at steam bath temp-
erature for ten minutes instead of the usual reaction time of 
about one day" An 18.9% yield of ~-methylcinnamic acid and 
an 81 . 2% recovery of benzaldehyde was obtained . All material 
was accounted for as starting mater i al or~-methylcinnamio 
acid . This fact does not necessar i ly mean that no isolable 
intermediate exists , since an intermediate may have been 
decomposed under the conditions employed in working up the 
reaction . Decomposition of the intermediate must be to start-
ing material or product as all material was accounted for. 
A pertinent observation in this experiment is that although 
~-methylcinnamic acid was obtained in an 18a 9% yield , the 
evolution of carbon d i oxi de was only 0 . 37% of theoretical . 
The discrepancy may ref l ect c arbon dio x ide ho l dup in the 
gg 
apparatus used o The discrepancy cou l d also be an indication 
that in the ten minute reaction period, a precursor of~ -
methylcinnamio acid still containing carbon dioxide had formed , 
but that decomposition of this precursor to ""-m~thylcinnamic 
a¢id occurred during the isolation o Further yrork will be 
necessary to determine which interpretation is correct o 
In another attempt directed to isolation of an inter-
mediate , m- nitrobenzaldehyde was allowed to react with methyl-
malonic acid under conditions different from the normal 
Doebner o The reactants , together with piperidine---all in 
equimolar amounts - - - in alcohol solvent were allowed to stand 
at room temperature for one day o All material volatile 
under water aspirator vacuum at room temperature was then 
removed , and the viscous res i due allowed to stand at room 
temperature for forty- five weeks o From this react ion mixture 
it was possible to obtain ~-methyl-m-nitrocinnamic acid in a 
38% yield and unreacted methylmalonic acid in 53% recovery o 
No sign of an intermediate was noted o 
Although an intermediate was not isolat ed in either of 
the above runs , further work i s necessary to make these 
findings definite o One possibility which should be investi-
gated is the employment of different cond itions for working 
up the reaction mixtures o 
c o The· rate of carbon dioxi dij evolution in 
------- . -
lli simple decarboxylation of methylmalonic acid and in the 
, , --------
Do ebiier p;roc e s s o 
If the kinet ics of the Doebner process could be estab-
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lished, this should provide some insight into th~ possible 
mechanisms of the process o For this purpose, tpe reaction 
of m-nitrobenzaldehyde with methylmalonic acid was chosen 
for preliminary orienting study o This reaction ned been 
found to give virtuelly quantitative yields of o(-methyl-m-
nitrocinnamic acid in a reasonable period of timeo The 
rete of carbon dioxide evolution was chosen as e. means of 
following the reactiono Implicit in using this means of 
following the reaction is the assumption that the rate of 
carbon dioxide evolution is related to the rate of formation 
of the product o Since methylmalonic acid undergoes simple 
decarboxylation under the conditions found most satisfactory 
for the reaction of methylmalonic acid with m- nitrobenzalde-
hyde, this source of carbon dioxide must also be taken into 
eccounto The first part of the kinetic work was a study of 
the rate of decerboxylation of methylmalonic acid o 
Decarboxylation of methylmalonic acid can be followed 
by noting the weight of carbon dioxide given off at various 
reaction periods o A relation between time and weight of 
carbon dio xide can be arrived at as follows : 
Let a be the initial concentration of methylamlonic 
ecido 
Let x be the decrease in concentration of methylmalonic 
acid in ti~e t, or the amount of carbon dioxide in time to 
Then for a first order reaction: 
dx / dt 
J dx/a -x 
0 
k ( a - x) 
't. 
Jkdt 
t) 
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ln a-ln(a-x) = kt 
The weight of carbon dioxide at essentially infinite 
time (W~) was taken as proportional to the initial concent-
ratton of methylmalonic acid. The weight of carbon dixoide 
evolved at time t was taken as proportional to the decrease 
·in methylmalonic acid concentration in time t. 
Therefore: ln ~ -ln (\io -Wt) = kt 
A plot of log (~-Wt) vs. t should give a straight line 
with a slope equal to -k/2 . 303 if the reaction follows first 
order kinetics. 
In graphs I-V (p. 103-105} the reaction followed is the 
decarboxylation of methylmalonic acid. Since carboxylic acids 
have been shown (73) to be only slightly ionized and dissoc-
iated in pyridine, in graphs I-IV the species decarboxylating 
is the free acid while in graph V the dec arboxylating species 
is probably the monoanion . 
The values of the first order rate c onstants were deter-
mined by measuring the slope of the lines given in the graphs . 
The author's approximation of the best line through the 
experimental points (p . ~SO ) was made by visual inspection. 
The decarboxylation of methylmalonic acid in pyridine 
solution in the presence or absence of m-nitrobenzaldehyde 
or piperidine followed good first order kinetics. 1/hen 
runs were exactly duplic ated, i . e. I and II, consistent rate 
constants, 1.06 x 10-l min:1 and 1 . 01 x 10-l min·1 1 were 
obtained. In run IV 1 the addition of m-nitrobenza ldehyde 
did not appreci ably ~ffect the rate of decarboxylation of 
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methylmalonic acid (k 9.85 X lo-3 min·'). Ip. run III; 
_,. _, 
however, the rate constant (k ·1 .24 x 10 min ) deviates 
more from those determined in runs I, II, and IV , Appar-
ently, in run III, with a m-nitrobenzaldehyde concentra.tion 
of about 0.8 Molar, the properties of the medium are changed. 
Run V, in which a molar amount of piperidine was present, 
indicates that free methylmalonic acid deoarboxylates approx-
imately two and one half times as fast as the monoanion. 
(The average value of the rate constant in runs I and II, 
1. 04 x 10-a min-I , is to be compared with a value of 3. 9 x 
10-~ min·' in run V.) 
If the reactions studied were second order in methyl-
malonic acid, a plot of 1~-W~vs , time should g ive a 
straight line. When this relationship was plotted for 
various runs, lines with marked curvature were obtained, 
The overall rate of carbon dioxide evolution from the 
system m-nitrobenzaldehyde, methylmalonic ac id, piperidine 
in pyridine solution at steam bath temperature was then 
measured. A molar ratio of two methylmalonic ac id and two 
piperi dine to one m-nitrobenzaldehyde was employed, In two 
identical runs (VI), first order constants of 5,4 x 10-3 
min·l and 5.6 x 10·! min·l were obtain ed. As was previously 
noted, the rate of carbon dio xide evolution is assumed to be 
related to the rate of formation of G(-methyl-m-ni trocinnamic 
acid. With this assumption in mind, and with the knowledge 
that the simple decarboxy l ation of methylmalonic acid is 
first order, the f act that the overall r ate of carbon di oxide 
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evolution is first order suggests that the rate determining 
step in the formation of ~-methyl-m-nitrocinnamic acid is 
also a first order process. 
In e.ll runs, carbon dioxide evolution is slow at first, 
suggesting a possible induction period. However, ~nsufficient 
information has been obtained to ascribe this initially slow 
carbon dioxide evolution to an induction per1od, time l ag in 
measurements, the time required to reach temperature equilib-
ration, or a combination of these factors. 
To summarize, the int roductory kinetic work performed in 
this research demonstrates that c arbon dioxide evolution 
from both the simple decarboxylation of methylmalonic acid 
and from the simple decarboxylation of methylmalonic acid in 
Qombination with the reaction of methylmalonic acid with 
m-nitrobenzaldehyde follows a first order rate law. If the 
assumption that the rate of carbon dio xide evolution is a 
measure of the rate of format i on of ~-methyl-m-nitrocinnamic 
acid is valid, the dat a s ugg est that the Doebner process 
under consideration f ollows a first order rate law . 
d. Mechanism speculations . 
(i) Mechanism of the reaction of a ldehydes 
with monosubstituted malonic acids . 
. flS\CJlO~ 
Any mechanism for the t '• 1 must take the following 
facts into account: 
1. As the amount of piperidine in the reaction of benz-
aldehyde with ethylmalonic acid was increased t o a molar amouht, 
the yield of ~-ethylc innamic acid increased . Further i ncreas e 
10? 
in the amount of piperidine resulted in decreased yields 
( p 0 42) • 
2. Addition of water po the reaction of m-nitrobenz-
aldehyde with methylmalonic acid decreased the yield of 
~-methyl-m-nitrocinnamic sc~d (p. 90). Addition of ''Drierite" 
to four reaction mixtures was found to improve the yields of 
~-alkylcinnsmic acids (p. 92). 
3. When the reaction pf aldehydes with monosubstituted 
malonic acids in pyridine solution was carried out in the 
presence of secondary aliph~tic amines trans ~-substituted 
cinnamic acids were obtaine~. In the presence of tertiary 
aliphatic amines, however, the reaction either did not 
occur (p~~~~) or the produ~t was a ~-hydroxyhydrocinnamic 
acid (p. 94) o 
4. When ~-methyl-~-hydroxy-m-nitrohydrooinnamic a cid 
was placed in a reaction mixture of m-nitrobenzaldehyde, 
methylmalo~ic acid, and piperidine in pyridine solution, the 
expected product ~-methyl-m-nitrobinnamic acid wa s obtained 
and the ~-methyl-~-hydroxy-m-nitrohydrocinnamic acid recov-
ered unchanged (p .~~~) o When ~-methyl -m-nitrocinnamic acid 
was pl~ced in a reaction mi xture of m-nitrobenzaldehyde, 
methylmalonic acid, trietpylamine, and water in pyr i dine 
solution, the expected ~-methyl-m-nitrohydrocinnamic acid 
was obtained and the ~-methyl-m-nitrocinnamic a cid recovered 
·f'- .. '1~'1-
unchanged (p.~) . Thus, o~t-methyJ.Itm-nitrohydrocinnamic acid 
was not converted to ~-methyl-m-nitrocinnamic acid under 
conditions leading to the formation of tJ( - met hyl-m-ni tro-
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oinnamic acid from m-nitrobenzaldehyde and methylmalonic 
acid. a(-Methyl-m-nitrocinnamic acid was not converted to 
-l'- ~-~~CK~-
o(-methyl.A-m-nitrohydrocinnamic acid under conditions leading 
- f'-l+l~~tl-
to the formation of --methyl~m-ni~rohydrocinnamic acid from 
m-nitrobenzaldehyde and methylmalonic acid. 
5. No product was obtained in the attempted reaction 
of propionic acid with m-nitrobenzaldehyde in the presence 
of a secondary or tertiary aliphatic amine (p.~~). 
6. The yields of ~-methylcinnamic acids appeared to 
be better when the benzene ring contains electron with-
drawing groups than when electron supplying groups were 
present (p. 50). 
7. The rate of carbon dioxide evolution in the conden-
sation reaction is consistent with, but not necessarily 
limited to, a precursor which is formed in a rate determining 
first order process and which furnishes carbon dioxide directly 
~r from a subsequent intermediate in a fast process. 
The following pages will attempt to develope a mechanism 
consistent with these facts. 
One possible sequence leading to the formation of 
(~(-substituted o(,~-unsaturated acids involves a ~-hydroxy­
malonic acid (LII). 
coo~ l"l~ 
I I T R -c. - C-11 
I I 
OX>I-I R. 
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The fo r mation of LIT may occur by a typical aldol process . 
The intermediate hydroxymalonic acid (LII) may give rise to 
an G(-substituted o(,~-unsaturated acid by (a}, deqarboxylation 
followed by dehydration or (b), by simult aneous decarboxyl-
ation and dehydration: 
too" ou 
I I R~-~ -c.-~ 
I I 
t.OO~ R. 
LtV 
-
Process (a), the decarb oxylation of LII followed by dehyd-
ration is not reasonable since it has been demonstrated that 
B fN~ d..-methyl-x:-hydroxy-m-nitrqpinnamic acid (ana logous to LIII) 
is stable under conditions which give rise to ~-methyl-m­
nitrocinnamic acid ( ana logou s to LIV} . Proc ess (b) rema ins 
as a possibility in th e formation of LIV from LII . 
However 9 the following arguments tend to make LIT 
unlikely as an intermedi ate in the Doebner p rocess with mono-
substituted malonic ac i ds . Since ~-methyl-~-hydro xy-m-
nitrohydrocinnamic does not arise either by the hydration 
of the corresponding cinnamic ac id or by the reaction of 
propionic acid with m-nitrobenzaldehyde 9 it s eems reasonable 
to assume that it is formed by the dec arboxyl at i on of a 
hydro xymalonic acid (LV) . 
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If the intermediate LV is assumed for the process le ading 
to the formation of ~-methyl-m-nitrocinnamic acid from m-
nitrobenzaldehyde and methylmalonic, it is difficult to 
explain why this intermediate decomposes by two distinct 
paths under the influence of (a) 1 secondary ali phatic amines 
and (b), tertiary aliphat ic amines . Also, in other experi-
ments, aldehydes which undergo the normal Doebner process 
with methylmalonic acid in th e pres ence of secondary am ines 
are recovered unchang ed in the presence of terti a r y emi nes 
of comparable bas e strength . If the p rocess with the 
secondary amine proceeded via a prelimi nary a ldol condense -
tion, it is not clea r why the s ame process should f ai l 
completely with terti ar y ami nes . 
It was pointed out earlier , that eX- substituted o<, , ~ -
unsaturated acids cou ld be obtai ned in a t wo step s equence, 
the fir s t of whi ch is a Mannich condensation, and the second 
a decarboxylation eliminat i on: 
The mechanism of at l east one Mannich react ion is fa i rly 
well established . Al exander and Underhil l (211) studied 
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the kinetics of ~he reactio~ of ethylmalonic acid, formaldehyde, 
and dimetp.yla.mine in aqueous solution: 
~ c~lc~~c~l~~~ + ~uo -+(~~~)tJfl.--.... '> cu3cijd.~-c.UaN~J. ... li~D . 
Co-off 
In acid solution, the reaction was found to follow third 
order kinetics, first order in each of the thr~e components. 
The rate of the reaction was found to exhibit a critical 
dependence on pH. Alexander suggests an ionic mechanism 
for the Mannich reaction based upon prima.ry condensation of 
formaldehyde with the amine: 
cu~o + (C"3)~NH 
l c.~3) tJ- t.U,.-0 
.). I + ~A 
H 
COO"- 0 
I {_I 
H-~- -oo Ol,.~ 
e 
+ A 
" 
< 
( 
~. > (CU3}a N Cll,pH 
~ -0' ~ ( c.ll3 ) N c.l!~-0 ; • ~ HA 
" I ...<~' u 
~ tooK /OH ~ I c=c. 
I '0~ ~~~ 
-+ UA 
(/) 
(3) 
112 
Step (4) was taken as the rate determining step since the 
rate was dependent upon the concentration of acid present 
and upon the concentration of all three componepts. It is 
interesting to note that smooth t h ird order kipetics were 
obtained for the reaction only if amine and formaldehyde 
were mixed and allowed to stand for twelve hours before add-
ing the ethylmalonic acid . If, however, dimethylaminomethanol 
was substituted for formaldehyde and dimethylamipe, the 
reagents could be mixed at once. This fact not only lends 
support to the mecha nism based on the primary condensation 
of formaldehyde with the amine, but also indic ates that al-
though the equilibrium of equation (1) is fester then step 
{4) it is in the same range. 
Alexander (211) also presents evidence against the rate 
determining step in the process under study being A or B: 
A 
8 
-
~~~ 
---+) l~.aN-t\l~i-tc:o" 
c..oo" 
Although Alexander presents fairly conclusive 
evidence for the mechanism of one Mannich reaction, it 
must not be concluded that this mechanism is general for all 
Mannich processes . For example, in basic solution anti-
pyri~~ is reported (211 ) t o g ive a poorer yield of 4-dimethyl-
aminomethylaritipyrine with dimethylaminomethanol than with 
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dimethyla~ine an d formaldehyde. 
~ 
.. )- ----4 -\I:~~ 
Jl.- Dlhl12111-..,LAMIN0t\E'T~L.-
1\tm~R!Ni 
This is interpreted to mean that the reaction did not proceed 
,---
through the primary condensation of the amine with formalde-
hyde. 
The following path proposed for the react ion of methyl-
malonic acid with m-nitrobenzaldehyde in the presence of 
piperidine and pyr idine is comp letely ana logous to the 
mechanism which Alexander suggests for the Mannich reaction 
of ethylmalonic with formaldehyde and dimethylamine. 
< 
' 
+ ff <--+ +UA 
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l3) 
The Mannich intermediate LVI may give rise to the observed 
product ~-m~thyl-m-nitrocinnamic acid (LVII) by a deaarbox-
ylative elimination: 
~~.¥~ ~ c..=O 
ao:~=~ au+&:F~ 
LV\ g[ 
If step ( 5 ) is the rat e determin~tep in the formation 
of LVII, the rate of carbo~t dioxide evolution would be expected 
to be proportional to the first power of the concentration of 
the Mannich base (LVI}. However, the concentration of LVI 
is proportional to the concentration of the aldehyde, the 
malonic acid, the secondary amine and the general acid RA: 
The overall kinetics for the process would therefore not be 
expected to be first order, the apparently observed kinetics. 
If, however, the rate determining step in the process 
is step (1}, overall pseudo first order kinetics might be 
expected since the concentration of piperidine remains 
essentially constant during the reaction. The assumption 
that step (1) may be the rate determi ning step in the 
Doebner process is suggested by Alexander's work since he 
found that even with the a ldehyde formaldehyde step (1) is 
"fairly slow''. 
Accepting this meGh a nism for the Doebner process, 
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an attempt will be made to explain the various facts pre-
viously enumerated. 
Increase in the amount of piperidine in the reaction of 
benzaldehyde with ethylmalonic acid to a molar amount was 
found to increase the yield of «-ethylcinnamic acid. Increase 
in the amount of 'piperi dine would be expected to ·drive equi 1-
ibrium (1) to the right and therefore increase the rate of 
OF Tile' ~. ~fAS/1\.tr 'TllE ~ OF ~LlCT' R:i.ffllmON 
formation~is tantamount to increasing the yield of P+oduct, 
since the malonic acid is being destroyed in a decarboxylation 
reaction. As the amount of piperidine is increased to a 
molar amount, the amount of the malonic acid present as the, 
'I 
monoanion is also increased, thereby decreasing the loss of~! 
~ 
the malonic acid by decarboxylation. As was previously \ 
i 
pointed out, methylmalonic acid in the presence of a molar 
amount of piperidine was found to decarboxylate approximatel:Y 
two and one-half times slower than free met hylmalonic acid. 
The fact that increase in piperidine above a mol ar 
amount results in decreased yields may be explained on the 
basis of the following reaction occurring in the ·presence of 
"large amounts" of piperidine: 
~ 
... ~ *~9"~ ARl.l\:0 ARC\P + Q ::::;,. 4~c.~ ARy:£'0 <;: < ); 
~ 
1 w j) 0 -~~ 4~~ ~K))~ ~ A~ < , <8 
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Thus in the presence of large amounts of piperi~ine, aldehyde 
may be converted into a form incapable of engag~ng in the 
Doebner process. This suggestion is based on the work of 
Patai (54) who found that in the reaction of malonic acid with 
I 
benzaldehyde in pyridine solution in the presence of appre-
ciable amounts of piperidine the only product isolated was 
benzaldipiperidine. 
That ~-methyl-e-hydroxy-m-nitrohydrooinna~ic acid and 
«-methyl-m-nitrocinnamic acid are not interconvertible is 
completely reasonable, sinoe they apparently arise from diff-
erent intermediates. The former arises by the decarboxylation 
ot en eldol intermediate, while the letter is formed from the 
deoarboxylative elimination of a Mannioh base. 
No product would be expected under the conditions used 
tor the attempted reaction of propionic acid with m-nitro-
benzaldehyde in the presence 9f secondary or tertiary aliphatic 
amines since the mechanisms suggested require the presence 
of a labile hydrogen. 
The fact that apparently better yields of ~-methyl-
cinnamic acids are obtained when the benzene ring contains 
electron withdrawing groups is consistent with the proposed 
mechanism. In the rate determining step, step (1), the 
reaction may be facilitated by groups which would make the 
aldehydic carbon more susceptibile to attack by a nucleo-
philic reagent. Electron withdrawing groups in the benzene 
ring would, by a resonance or inductive effect, make the 
aldehydic carbon more electrophilic. 
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As was previously discussed, the observed kinetic data 
~consistent with the proposed mechanism, 
The only effect which is not readily explai~ed by the 
proposed mechanism, is that addition of water ,decreases the 
yield of o( -methyl-m-ni trocinnam:l.c acid while addition of 
"Drieri t e" increases the yields of ~-alkylcinnamic acids. 
This water effect may simply be to decrease the rate of 
decarboxylation of the intermediate (Pr 90). 
Thus, the suggested mechanism is found to be consistent 
with the various facts available on the reactions of alde-
hydes with monosubstituted malonic aoids. 
An additional feature of the present mechanism is that, 
if the hypothesis of a Mannich base intermediate is correct, 
it may be used to explain the results of Rodionow (45), (45), 
(213) previously discussed. · Rodionow has obtained ~-alkyl.~­
amino-~-phenylpropionic acids (LVII) from the reactions of 
aromatic aldehydes with monosubstituted malonic acids in the 
presence of alcoholic ammonia, i.e. typical Knoevenagel 
conditions. In addition to the amino acids (LVII) he also 
obtained unidentified unsaturated acids which are shown by 
the present (p.~~~ ) work to be ~-alkylcinnamic acids. 
~lb. 
Atl.~w~ 
I{ 
1:i[ 
The Mannich base intermediate could give rise to ~-alkyl-~-~~-
~-phenylpropioni c ao ids by simple decarboxylation, .. or 
could give rise to o(-alkylcinnamic acids by a simult a'neous 
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decarboxylat ive deamination-. Apparently, under Knoeven-
OF ~1!R.E QetA~lAT'IO~ 
agel conditions ,.proceSSA. is favored. 
This suggestion, affords another possibl~ explanation 
for the decreased yields obtained when large ~ounts of 
piperidine where employed in the present work. P~rhaps, 
in this case, formation of a ~-piperidine acid a~alogous to 
LVII is favored over formation of the cinnamic ac~d. Since 
any amphoteric compounds obtained in the present work would 
have been discarded during the reaction work-up, this possi-
bili ty remains a problem for future work. 
(ii) Mechanism of the reactions of 
aldehydes with malonic acid. 
The mechanism of the Poebner modification of the 
Knoevenagel reaction with malonic acid was discussed in 
detail in an earlier section (p. 17). At that time, it was 
pointed out that E£ mechanism consistent with all experimen-
tal information has as yet been proposed. In the present 
section an attempt will be made to ascribe a ''Mannich" 
intermediate to the Doebner process with malonic acid. 
However, as will be shown, a complete explanation of the 
kinetic work of Patai (64) can not be based solely on a 
"Mannich" intermediate. 
At the outset, a distinct difference between the two 
Doebner processes should be appreciated. The reaction with 
monosubstituted malonic acids requires the presence of 
secondary amines, while the reaction with malonic acid 
proceeds satisfactorily in the absence of secondary amines. 
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Thus, the attempted condensation of m-nitrobenzaldehyde with 
methylmalonic acid in pyridine solution at steam bath temp-
erature resulted in complete recovery of the aldehyde (p.~~ ) , 
while under the same cq~ditions, malonic acid gave e virtually 
quantitative yield of ••••pr~nitrocinnemic acid ,(p. ~~b). 
A study of the reaction of benzaldehyde with malonic acid 
in the presence of various amines has been made by Dalal end 
Dutt (40). The authors report that in the absence of amines 
of any kind, the product obtained is benzalmalonic acid 
(LVIn:) ~xclusively. 
~c.~: c.(coolol);l 
[\llll 
When approximately equimoler amounts of benzaldehyde, 
malonic acid, and various secondary end tertiary amines 
are heated at about 100°, c innamio acid is rep6 rt ed ( 40) to 
be obtained in varying yields. Some of the emines used, 
along with yields of cinnamic acid reported are given in 
., 
Table ;,XIV page 120A. 
\~ Clearly, the condensation of benzaldehyde with malonic 
acid is effected by both secondary and tertiary amines. It 
would be desirable to check Dalal and Dutt's work for 
. 
possible traces of secondary amines in their tertiary amines. 
But in any case, tertiary emines (in the present work pyridine) 
can catalyze the Doebner process with malonic acid, " SEll~ I~ 
It is interesting, that Corey (61) involves an inter-
mediate analogous to LIX in his mechanism for the decarobx-
ylation of certain benzylidenemalonic acid derivatives in 
pyridine solution, i.e., 
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Table XIV 
Yields £! oinnamic ·~ from 1h! reaction 2! malonic 
acid with benzaldehyde.!.!! ill ~resenoe Qt. various amines (40) • 
Amiie 
Pyrtdlrie 
~-Picoline 
.Acridine 
Lutidine 
. ~Yield 
. . 76.1 
. ~Q .1 . 
12.2 
100 
Junine 
Dimethylaniline 
Diethylaniline . 
Piperidine 
N-Benzyl-N~phenyl-
methyle.mine · 
~ Yieid 
3.1.1 
25.2 . 
90 
30.2 . 
To accomodate a tertiary amine to the "Mannich" mech~ 
anism proposed on page 114, the following path may be sug-
gested: 
0= e,w:.O 
The formation of LIX could take place in a manner comp-
letely analogous to that suggested for secondary amines: 
'9 0 .. 
' I 
-N- c.~-R · 
I ( 
If 
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One study of the kinetics of the reaction of benzalde-
hyde with malonic acid in pyridine solution was discussed in 
detail in an earlier section (p. 23). To summarize Patai's 
work briefly, a mechanism for the Doebner process with malonic 
acid must be consistent with the following facts: 
( 1) The format ion of water followed overall second 
order kinetics. 
(2) The maximum rate of carbon dioxide evolution does 
not co inc ide with the point at which the concentration of an 
intermediate as measured by the difference between water 
evolved and carbon dioxide evolved is at a maximum~ 
(3) Benzalmalonic aoid may be isolated from the 
reaction mixture. 
(4) The rate of decarboxylation of benzalmalonic acid 
in pyridine is of the same order of magnitude as the rate 
of carbon dioxide evolution from the reaction mixture. 
(5) The same value, within experimental error, is 
obtained for the Arrhenius activation energy for the 
decarboxylation of benzalmalonic acid in pyridine and the 
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carbon dioxide evolution from the Doebner proce~s. 
One possible sequence for explaining Patai~s results 
• tnvolves the use of a "Mannich" intermediate analogous to 
LIX: 
The "Mannich" intermediate may be in equilibrium with benz-
almalonic ac.id, and may furnish the product, cinnamic acid, 
by a deoarboxylative elimination process. This sequence is 
consistent with Patai's finding that water formation follows 
a second order rate law, since the formation of the "Mannioh" 
intermediate in pyridine solution may be a second order 
process. The presence of benzalmalonic acid in the reacting 
system is accounted for. The fact that the rate of decar-
boxylation of benzalmalonic acid in pyridine and the Arrhenius 
activation energy for this process are equivalent to the 
rate of carbon dioxide evolution and the Arrhenius activation 
energy for this process in the Doebner reaction is consistent 
with the proposed sequence, since both processes proceed 
through the same intermediate. Carbon dioxide evolution 
would be expected to lag behind water formation s.ince benz-
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almalonic acid can act to store carbon dioxid,. 
However, the fact that the rate of carbon dioxide 
evolution is not a maximum at the point at which the sum of 
the concentration of benzalmalonic acid and Mannich product 
(the concentration as measured by the difference in the amounts 
of water c,arbon dioxide evolved) is a maximum is not explain-
ed by this sequence. 
The system used by Petal was far from simple. Piperidine 
was present in the reaction mixture, and may have undergone 
a Mennich process simila.r to that described in the reactions 
of methylmalonic acid. While e definite description of the 
effect of piperidine on Patai's system is not possible, the 
piperidine does catalyze the reaction, and must therefore be 
involved in a mechanism. 
If the proposed mechanism for the Doebner process with 
malonic acid in the presence of tertiary amines is correct, 
there is no a priori reason for expecting the same mechanism 
not to be operative for monoalkylmalonic acids. Yet, attempts 
to react aldehydes with alkylmalonic acids iri the presence of 
pyridine or pyridine and a ier tiary amine have not yielded 
o innamic acid produmts. Tnis failure to obtain ot-alkyl-
I 
cinnamic acids with tertiary amines lends no support to the 
proposed path fo~ the Doebner process with malonic acid, 
but does not, on the other hand disprove this path. 
Patai's work may be satisfactorily interpreted by the 
following sequence: 
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I 
ctlC!+o +~~")~ -~)' ((>~~coo~~ 
This scheme has all the advantages of the sequence proposed 
on page 123, and in addition, explains why the rate of carbon 
dioxide evolution is not at a maximum when the concentration 
of "condensation product" is at a maximum. The concentration 
of "condensation product" was assumed to be equivalent to 
the diffence between the amount of water formed and carbon 
dioxide evolved. In the sequence outlined, two intermediates, 
i.e. benzalmalonic acid and the "Mannich" product, may be 
described as "condensation products". The rate of carbon 
dioxide evolution will be · a maximum when the concentration 
of the "Mannich'' base is a maximum , If the postulated equil-
ibrium is not rapidly attained, or if the addition of pyridin-
ium ion to benzalmalonic acid is slow and irreversible, the 
maximum difference between water formation end carbon dioxide 
evolution will not coincide with the maximum concentration 
of the carbon dioxide producing species, the "Mannich" 
~product. 
Thus, assuming both en aldol intermediet e and a "Mannich'' 
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intermediate allows an apparent interpret ation of work on 
the kinetics of the Doebner process with benzaldehyde and 
malonic acid to be made. 
In the present section an attempt was made t~ ascribe 
the same mechanism to the Doebner process with malonic acid 
as with monosubstituted malonic acids. However, th~ Doebner 
process with malonic acid could not be completely accomodated 
without involving an aldol intermediate in addition to a 
"Mannie h" intermediate. Thus, there appears to be a distinct 
difference between the mechanism of the two processes as 
was suspected from the fact that the process with monosub-
stituted malonic acids required a secondary amine whi le the 
presence of a secondary amine was not necessary with malonic 
acid. 
15. Reinvestigation of products reported .Ex 
Rodionow ~ the Knoevenagel reaction of aromatic aldehydes 
with monosubstituted malonic acids. 
Rodionow (45) reported the isolation of unsaturated 
acids from the ~tions of methyl and ethylmalonic acid with 
benzaldehyde end piperonal in alcoholic ammonia solution. 
As was discussed earlier, Rodionow does not definitely assign 
the structures of these acids although he suggests as one 
possibility, that they are ~-alkylcinnamio acids. It appeared 
desirable 'to review some of his work. 
Among other products, Rodionow reported formation of 
acidic materials from the following reac~ants: 
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1. Methylme:1onic acid and Piperonal IS'· "product m.p. 201-202° 
2. Methylmalonio acid and Benzaldehyde )product m.p. 173°(dec.) 
3. Etbylmalonic acid and Benzaldehyde ~4)'product · m.po 1070 
4. Ethylmalonic acid and Piperonal~ product m.p. 135° 
· The melting points of the products of reactions 1., 3., and 
4. , a orrespond respectively to the following compounds 
obtained in the present work: 
~-Methy~-3,4-methylenedioxycinnamio acid 
~-Ethylcinnamic acid 
a-Ethyl-3,4-methylenedioxycinnamio acid 
m.p. 198-199° 
m.p. 103-104° 
m • p • 131-131 0 5 ° 
Interestingly, the product from Rodionow' s react ion 2 o 
has a melting point ( 173° (dec.)) that is different from the 
melting point now observed for d-methylcinnamic acid (m.p. 
80-81°). When Rodionow's experiment was repeated, during 
the course of the present work, there could be isolated 
~-met~ylcinnamic acid (17.5%), identical with the material 
from the Doebner process. Accordingly, whatever the nature 
of the Rodionow product it is not trans ~-methylcinnamic 
acid. It is relevant to note, that an acidic material melt-
ing at 154° has been obtained in a reaction the..t would be 
expected to give oC-methylcinnemic acid, namely, the reaction 
of benzene diazonium .chloride with methacrylic acid . It 
has been suggested (71) that this material, which may be 
the same as Rodionow's, is a dimer of ~methyloinnamic acid. 
There is also a report of the formation of a "polymeric acid" 
with melting point 158° from the a0tion of concentrated 
sulfuric acid on oe-methyloinnamic a.cid (89). 
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IV EXPERIMENTAL 
All melting points and boiling points are uncorrected 
unless otherwise noted. 
Analyses are by Dr. Carol K. Fitz, 115 Lexington Avenue, 
Needham Heights 94, Massachusetts unless otherwise noted. 
Ultra-violet absorptions were measured on a Beekman DU 
Quartz Spectrophotometer using matched quartz cells o~ 1.000 
em. thickness. In~ra-red absorptions wene ~a~ured on a 
Perkin-Elmer Model 120 automatic recording ~rpectrophotemeter. 
The following procedure was general in th~ preparation 
of 2,4-dinitrophenylhydrazones: 
The ether was removed ~rom the ethereal s~lution eon-
taining neutral components by distillation on a steam bath. 
The residue was dissolved in alcohol, and aQde4 to the 2,4-
dinitrophenylhydrazine solution. The reagent l!fafJ 'Prepared by 
adding 1.98 grama (0.0100 mole) of 2,4-dinitro~henylhydra­
zine (Eastman Kodak "White Label" used directly) to ten ml. 
of concentrated sulfuric acid, adding 15 ml. o~ water dropwise 
with shaking, and adding 50 ml. of 95% alcohol to the result~ 
ant clear amber solution. Stoichiometric amounts o~ reagent 
were used in all cases. The carbonyl .solution was added to 
the warm dinitrophenylhydrazine ~olution, the mixture allow-
• • , , I 
ed to stand for ten minutes, and then cooled in an ice-water 
oath for fifteen minutes. The preoip~tate was rem~vea oy 
filtration with 1iuotion through. sintered glass, w·a,hed with 
cold alcohol, washed with water until the washings were no 
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longer colored, and dried overnight in a vacuum desiccator. 
A. Preparation Q! Malonic Acids. 
1. Preparation 2.!, methylmalQrdo acid. 
(a) Preparation.!!. ethyl ethoxaltlpropinate. 
c~tJ\C.~ -~-cco,.€A\ .~ .. :*'~~ ) ~r-~ ll06. ,. ~e.~~e.oc.~ ~ ~h-~ \ C4,'ti: 
(i) Preparation .!£ ethyl etboxalyl= 
propionate using sodium ethoxide as 
!h! condensing ·agent. 
The procedute followed was eseentially that qeseribed 
in Organic Synth,ses (11~). 
Purification~ ethyl oxalateg 
Eastman Kodak "White, Label" ethyl oxalate w~s qried over 
anhydrous potassium carbonate for one week. The drying 
agent was removed by filtration (gravity t~rough paper) and 
the clear ~iltrate was then distilled. The distillation 
1 
apparatus consisted of an electrically heated oil bath aa 
source o~ heat, an all glass unit (joints stan4ard taper 
24/40) containing a one foot, asbestos wrapped . Vig~eux column, 
and a 111H1-vac" pump. The portion with boiling poimt 93.00_ 
93.8° (24-25 mm.) with the pot at ~26°-132° was coll~cte4. 
The refractive index found waa n~S •1.4080. The reported ' 
(106) constants for ethyl oxalate are boiling point 97-990 
t7S (30 mm.) and refractive index n~ :1.41098. 
Purification 2£ ethyl propionate~ 
Eastman Kodak ''White Label" ethyl propionate was dried 
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over anhydrous ~otassium carbonate ror one week. The drying 
agent was removed by riltration (gravity through ~aper) and 
the clear riltrate distilled. The distilling a~paratus 
consisted or a heating mantle as heat source, and an all glass 
unit (joints standard taper 24/40) containing a one root, 
asbestos wrapped Vigreux column. The portion with bolling 
point 97.5-98.5° was collected. The rerractive index fo~d 
~.$" 
was n~ sl. 3825. The reported constants ror et:Q:y-1 pro~ionate 
are boiling point (107) 99.15°, refractive index (108) 
rf! sl.3862o 
Purification of ethyl alcohol: 
Commercial absolute ethanol was dried over calcium hy-
dride for one week. Th~ alcohol was then distilled from the 
calcium hydride using a heating ~antle and a one piece, 
standard taper (24/40), distilling unit (with • ten em. 
Vigreux column). The portion with boiling point 78.0° was 
collected. The reported (109) boiling point for ethanol is 
78.32°0 
The apparatus consiste~ of a 500 mlo, th.ree-ne~ked» 
standard ta~er (24/40), round bottom flask containing a 
stainless steel-ground glass, motor-driven •tirrerl a 
water-cooled condenser topped by a calcium. chloride tube, 
and a sto~~ered dro~ping funnel with a preseure equalizer 
side arm. To a mixture of 11.5 grams (0.500 gram atoms) 
of powdered eodium and 180 ml. of ether (dried over sodium 
wire and decanted rrom the sodium), 29.5 ml. (0.500 mole) 
of absolute ethanol was added with stirring over a period 
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of twenty minutes. The adqition was at a rate to maintain 
vigorous refluxing .of the ether. The miJ!:ture was rapidly 
stirred until all the sodium had reacted ~s indicated ~y the 
cessation of bubbling (six ho~rs). The flask was then placed 
in an ice-water bath, and a mixture of !57.5 ml. (Oo500 mole) 
of ethyl propionate and 67o5 mlo (0.500 mole) of ethyl oxalate 
added with stirringo As there was no noticeable heat change, 
the addition took five minutes. The yell9w solution contained 
fine white particles or sodium ethoxi~e. After one hour of 
stirring the sodium ethoxide was no longer visible in the clear 
red-brown solution. The stirrer was r~moved, the condenser 
set for distillation, and the ether and alcohol removed by 
heating on a steUI. bath. When a yellow scum formed on ·· the 
surface of the dark, red~brown, viscous solution, the distil~ 
lation was stoppedo The mixture solidified on cooling. One 
hundred milliliters of cold 33% acetic acid was added to the 
solid and the mixture allowed to stand overnight. The 
resulting solution was extracted with four 100 ml. portions 
of ether and the combined ether extracts washed with 250 ml. 
of water, two 125 ml. portions of 10% sodium bicarbonate, 
and finally with 250 ml. of watero The ether was removed 
(flash distillation) on a steam bath and the oramge-brown 
residlle diatilled u.sing a "Hi-vac" pump after preliminary 
removal of solvent at aspirator pressureo An electrically 
heated oil bath was used as source or heat, and the standard 
taper (24/40) distilling unit contained a ten em. Vigreux 
oolummo The yellow liquid portion with boiling point 82-
82.50 (1 ~o) with the pot at 95=105° was collected. 
131 
The yield was 65.0 grams (64o3%) o~ material with re-
~aetive index J~ :lo4304o 
The reperted (llej yield is 60-70%o 
In a second rung quadruple quantities were used. Distil-
lation through a one foot asbestos wra11,.ped V'igreux column 
yielded 148.7 grams (36.8%) or material with boiling point 
92-94° (1 mmo), and re~active index n~'r ;1.4285. 
I 
(ii) Preparation 2.! ;t~y~ ·ethoxalzlrro-
pionate using sodium hydride !! 'the · 
~ondensin, ae;e;nt • 
. ' 
The apparatus consisted or a two literg three-necked, 
standard taper (24/40), ~oUnd bottom flask containing a 
stainless steel-ground glass, motor=driven ~tirrerg e. 
Friedrich condenser topped by a calciwn chloride dryin~ 
tube, and a stoppered dropping ~el with a pre~sure equalizer 
aide arm. The apparatus was dried by flaming and passing 
dry nitrogen through tne system. In the ~lask was placed 
670 mlo or ether (dried over sodium wire)g 8.25· level tea-
spoons or sodium hydride (approximat~ly 1.5 moles), and 202.5 
mlo (1.500 mole~or ethyl oxalateo Ethyl propionate ~172.5 
ml. 1.500 moles) was added to the mixture with stirring~ 
The addition was dropwise at first, but since there was · no 
visible evolution of hydrogen, all the ethyl propiona~e was 
rapidly added. Warming the mixture on a steam bath produced 
no visible change. Absolute alcohol (two ml.) .. ·wn added, 
., 
and the mixture stirred at reom temperature for twerity-four 
hourso On addition of the ethanol, a prolonged evolution or 
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gas (hydrogen) was observedo The mixture was then worked 
up as descri'bed in the preparation using sodi'WTJ. ethoxide as 
the condensing agent (p.f3/) o The yield was 18lo2 grams 
(59o8%) or ethyl ethoxalylpropion.te with boiling point 85-
870 ( ) d r i i d ~"" 4 · · 1 mmo an . re ract ve n ex nD :lo 300o 
In a second run 9 750 mlo or ether and d<;>uble quantities 
of other reactants were usedo The mixture wa~ stirred for 
; ' ' 
thirty hours. The yield was 563o5 grams (69o7%) ·or material 
with boiling point 82-85° (1 mmo)o 
(iii) In later work ethyl ethoxalyl-
propionate !!! purchased from Winthrop~stearns Compan~ and 
used directlyo 
{b) Preparation or diethyl methylmalonate. 
I I "· ' '' ·' 
The procedure followed was esseqtially that described 
in Organic Syntheses (lll)o 
In a 200 ml. standard taper { 24/40,) round bottom tlask 
fitted with a water cooled condenser and a thermometer 
suspended into the flask 9 was placed 63o0 grams (Oo3+2 mole) 
or ethyl ethoxalylpropionateo The liquid was refluxed om a 
: : ' . ' 
heating mantle until the evolution or carbon mono~id~ 
ceased o (The presence or carbon momoxide waa te~ted ·:.for . with 
a piece or filter paper moistened with a dilute solution or 
palladium chloride. A black deposit of palladium indicated 
the prese~ee or carbon monoxideo) During the two and one= 
. 
half hour reflux time the temperature rose from 180° to 
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195°. The gray=orange=brown (color or heavy oil) liquid 
was distilled at atmospheric pressure using a one piece 
distilling unit with a ten em. Vigreux column ana an air 
condenser. The water~white portion with boiling · point lqo-
1970 (most at 196°) was collected. 
The yield was 50.2 grams (92.5%). The refractive index 
-.r found was n~ ~1.4117 o 
The reported (111) boiling point is 194-196° (745 mmo). 
The report ed (111) yield is 97%o 
The results ef' subi,quent runs ueing ~esentially the 
eame procedure are tabui.ted belowg 
Ethyl Et hoxalyl= 
propionate 
Ref'tilx 
~. <!!.!:.!·) Yield ( Grame) Boiling Point 
1'8=198.5° 
198 ~199° 
199=201° 
196-198° 
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148o7 Grame 
181.2 Grame 
563.5 Grams 
606 Grame 
374.7 Grame 
Otle 
Fbur 
Eight 
Four 
Four 195.5-197.5° 
(c) Preparat ion of' methylmalonic ac id. 
- I 
(i) First method 2!., hydrolyeie £! 
diethylmethylmalonate. 
In a 250 ml o etandard t aper ( 24/40) roum.d b.ottom rlaslt 
f'itted with a water cooled condenser was placed 49.0 grams 
{Oo282 mole) of diethyl methylmalonate, 44o2 $rams (Oo750 
mole) of' potassium hydroxide~ and 3.5.4 ml. of' . water. The 
mixture (two layer s ) wae refluxed on a heating mantle for 
one day. Af'ter adding 50 ml. of wat er t o t he homogeneous 
solution, the solution was distilled (heating mantle) until 
the temperature or the distillate reached 100° o The solution 
was cooled and extracted with two 50 mlo portions of ethero 
The cold aqueous solution was then acidified to pH2 {pHydrion 
paper) with 120 mlo or cold 18% hydrochloric acido The 
solution was then continuously extracted with ether for two 
dayso The ether extrac t was dried over anhydro~s calcium 
sulfate for two hours 9 fil t ered with suction through a 
a sint ered glass funnel 9 and the ether removed by distillation 
at atmospheric pressure on a steam batho The faintly yellow 
residue was recrystallized from a benzene~ether mixture and 
air driedo 
The yield was 25o5 grams ·(76o6?b) or matet_al with 
melting point 133o~=l34o5° (deco). 
The report ed (112) melting point or methylmalonic acid 
is 135° (deco)o 
The neutralization equivalent s found were 59o52 and 
59o37 which correspond to a molecular weight or 119o0 and 
118o7o The molecular weight of methylmalonic acid is 
118o09o 
In a second run~ 120o5 grams (0.718 mo~ea) or diethyl 
methylmalonate~ 120o5 grams (2ol60 moles) or potassium 
hydroxide, and 120o5 mlo of water were employedo The 
procedure was similar to that described above, with a 
reflux time of fourteen hourso The continuous extraction 
was for fifty hourso The yield was 69o0 grams (84o5%) of 
methylmalqnic acid wi~h a melting point of 133=1340 (deco)o 
. 135 
~he hydrolysis or diethyl methylmalonate in 5o% 
potassium hydroxide has a tendency to proceed vigorously 
initiallyo In one ease the reactants were lost when the 
reaction begano 
( ii) Second ~ethod o~ hydrolysis of 
diethyl methylmalonateo 
~he apparatus consisted of a one liter~ three necked, 
standard taper (24/40), round bottom flask containing a 
stainless steel=ground glass 9 motor driven stirrerg a 
Friedrich condenser 9 and a dropping t'unn,l. In the flask 
was placed 2'0 grams (4.65 moles) of potassium hydroxide 
aad 260 mlo of watero The solution was warmed on a steam 
bathe To the warm solution, 260 grams (1~42 moles) of 
diethyl me t hylmalonate was added dropwis~ 9 with stirringo 
The addition was at a rate to maintain gentle refluxingo 
Arter the addition was complete ((!me hour) 9 the homogeneous 
solution was rerluxed for two hourso Alc~hol was removed by 
distilling the solution (heating mantle) until the distillate 
temperature reached 100°. The solution was cooled in an 
ioe=wat er bath and then extracted with two 100 mlo portions 
of ether. The aqueous solution was acidified to pH2 
(pHydrion paper) with cold 18% hydrochloric acid. The aoidie 
solution was continuously extract ed with ether for one w~eko 
The etaer extract was dried over anhydrous sodium sulfate 
for four hours 9 fi ltered with suction through a sintered 
glass funnel 9 and the ether removed by distillation on a 
steam bat ho The whi t e crys t alline solid residue was recrys~ 
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tallized from a benzene-ether mixture and dried overnight 
in a vacllum. desiccator over silica gel. The yield was · 
157.5 grams (89.4%) of material with melting point 132-133° 
(dec.). 
In a second run, 262.7 grams f81.3%) of methylmalonic 
acid with melting point 133-134° (dec.) wa~ obtained from 
476 grams {2.74 moles) of diethyl methylmalonate. 
2. Preparation of ethzlmalon~.o ~eid. 
Matheson, Coleman, and Bell diethyl ethylmalonate was 
used directly. The hydrolysis was earried out as described 
for diethyl m.ethylmalonate (p .llY). 
From 50 grams (0.27 mole) of diethyl ethylmalonate 
with a reflux time of two hours, and continuous extraction 
of the aqueous malonic acid with ether for one da.,., the 
yield waa 16.3 grams <45.7%) of ethylmalonic acid after 
recrystallization from benzene. No odor of butyric aoid was 
noticeable in the freshly prepared ethylmalonie aeid. The 
I 
melting point found was 110-111.5°. The r~ported (113) 
melting point for ethylmalonic acid is 111.5°. 
From 400 grams (2.13 moles) of diethyl ethylmalonate 
with a re:flux time of one hour, and eontinuol.ls ~xtraetion 
of the aqueous malonic acid with ether for one week, the 
yield was 125 grams <44.5%) of material with melting point 
110.5-1120. 
Throughout the hydrolysisg there was a strong odor of 
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butyric acid present. Apparently som~ of the ethylmalonic 
acid was decarboxylated to · b~tyric acid during the reaction • 
.3. Preparation!!, allylmalonio ~· 
The procedure followed was similar to that used in the 
preparation of methylmalonic acid (p./!~ ). The reaction was 
carried out i:n a 500 ml. :t"lask, employing 100 grams {0.50 
mole) o:r diethyl allylmal'ibnate (Matheson, Colemat?-, and Bell 
product used directly), 100 grams (1.79 mol,s) o:r potassium 
hydroxide, and 100 ml. of water. The solution was· ~e:rluxed 
for one hour. Instead o:r a continuous extraction, the acidic 
malonic acid solution was extracted with three 250 ml. 
portions o:r ether. The ether extract w1u dll'ieq over anhy-
drous calcium sulfate for thirty minut~s and filtered with 
suction through a sintered glass rttnnel. The ether solution 
was concentrated to 100 ml. on a steam bath, 100 ml. of 
benzene added, and the solution boileQ until clear. The 
hot solution was then cooled overnight in e. refr.igerator, 
the white crystalline solid which formed was removed by 
filtration, washed with cold benzene, aE.d dried overnight in 
a vacuum desiccator over silica gel. The yield was 24.0 grams 
of material with melting point 101-102.5°. By adding benz~ne 
to the mother liquor, concentrating the solution, and treating 
as aboveg an additional 13.0 grams with melting point 101-
102.50 was obtained. The total yield of allylmalonic acid 
was 37.0 arams (5lo4%). The reported (114) melting point is 
138 
4. Preparation ~ isopropylma~onie .!!.!.!· 
(a) Preparation!! diethyl teopropylmalonate. 
Puri.fication o.r ,diethyl malonate: 
Mathesom, Coleman, and Bell diethyl malonate was dried 
over Drierite .for two days, the drying agent removed by 
.filtration (gravity) through paper, and the .filtrate dis-
tilled through a 30 em. asbestos wrapped Vigreux eGlumn 
ueing an electrically heated oil bath as ·souree o.f heat and 
a vacuum pump. The portion with boiling point 80.5-82° 
( ) ( 5o aa . .r ·10-12 mm.. pot at 123-13 ) and nD ·1~4115 was collected 
and stored over Drierite. The reported constants tor 
diethyl malonate are boiling ( 115) · 86-89° ( 13 mm.) ·and 
re.fractive index ( 116) n'~J. . :1.41$.0~ ... . . , , . , . , 
Puri.fication ~ isopropyl bromide: 
-Matheson, Coleman, and Bell isopropyl bromide was d~ied 
over Drierite .for two days, the drying agent removed by 
.filtration (gravity) through paper, and the .filtrate distilled 
through a "30 em. Widmer tiolumn using U1 electrically heated 
oil bath as source o.r heat. The portion with bGiling poiBt 
.59.5-60° was collected and stored over Drierite. 'The reported 
(117) boiling point o.r ieopropyl bromide ie 58.9° {corr.). 
A one liter, three necked, standard taper (24/40) .flask 
was equipped with a motor driven preoieion bGre etirrer, 
a oondenaetr topped by a ealelu.m chloride tu.be. The system 
' 
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was _ dried by rlaming. Two hundred and rirty ml. o~ anhydrous 
ethanol (p.t~) was placed in the rlask and 11.~ grams (0.500 
gram atoms) o~ olean sodium added in portions t~rough the 
condenser. {The addition was at a rate so that gentle 
rerluxing was maintained.) When all the sodium had reacted, 
the solution was allowed to cool to 50° and 77.$ ml. 
(0.510 mole) o~ diethyl malonate added with sti~ring over 
a period or ten minutes. To tne clear solution was added 
46.9 ml. (0.500 mole) o~ isopropyl bromide over a ten minute 
period. The mixture was heated on a ste~ bath with sttrring. 
As the solution began to rerlux, a white preeip~tate was 
formed. The mixture was rerluxed for seven hours and allowed 
to stand overnight. The alcohol was removed by distillation 
on a steam bath. To the neutral {pH 7 pHydrion paper) 
residue was added 200 ml. of water and rive ml. of ooncent-
rated hydrochloric acid. The organic and aqueous layers 
were separated, and the organic layer washed with 50 ml. 
• • of water. The organic layer was dried over Dri,rite for one 
hour, the drying agent removed by filtra~i9n (gravity) 
through paper, and the clear yellow riltrate di,tilled using 
,· ' :· ,., ' 
an electrically heated oil bath, a vacuum pump, and a one 
piece distilling unit containing a 15 om. Vigrfn,tx colmtln: -
Fraction Boil ins Point Pot Pressure 
R~:rracibtive 
,Index 
1 87-910 123=1280 8 mm. ~' :1.4165 2 91-94° 128=1350 8 mm.. ~ •1.4175 3 94-96° 135-1390 8 mm. :1.4180 
Fractions 2 and 3 were cGmbined {68.3 grams) and dis-
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tilled at atmospheric pressure t hrough a 15 em" Vigreux 
column using an open flame as sour c e of heat. The water-white 
liquid with boiling point 212=214° and refrac t ive index 
n~ :lo4178 we.s oollec t edo The yield wae 62 o5 grams (61.~~). 
The reported (118) boiling point of di ethyl isopropyimalonate 
is 213~214°" 
(b) Preparation of isopropylmalonic acid. 
I 
' 
...... t _Kcu_ • ..._A_..,.~ l~.CIIC.II(~~\ ~, ~u.. ~ ':.. 
The procedure fol l owed was simil ar t o t hat ~sed in the 
preparation or methylmalonic acid (p o/3(,) o The reaction was 
carried· out in a 250 mlo flask employing 62.,5 grams (Oo309 
mole) of die t hyl i s opropylmal ona t e, 62 ., 5 grams (1.17 molee) 
of potassium hydroxide and 62.5 mlo of watero The solution 
was refluxed for five hour e . Inst ead of a cont inuous 
extraetions t he ac idic mal onic acid solution was extracted 
with three 100 mlo portions of e ther 9 the et hereal extrac t 
dried over Drieri t e f or one hour / and t h;e dr ying agen,t 
removed by :filt rat ion with suction t hr ough a sint ered glass 
runnel" The et hereal s olut ion was c onc ent rated by blowing 
a stream of dry nitrogen over its surface , and t he resultant 
yellow solut ion dissolved i n hot ch l oroform. The white 
crystalline solid wh i ch s epar a t ed on cooling was removed by 
filtration with suct ion, r ecrys t allized rrom boiling chloro= 
form, and dried overnight i n a v acuum desic c a t or. The yield 
was 15"3 grame (33 .9~) of mater i a l wi t h melt~ng poi nt 87.5= 
88.5°. The repor t ed (119) melt i ng point of i s opropylmalonic 
'"'' 
acid is 88-89° (deco)o By concentrating mot her liquors, an 
additional 7o9 grams o~ material with melting point 68=80° 
was obtainedo This solid had a strong odor of isovaleric 
acid, and was not puri~ied ~rth~ro 
_P_r_e.p_a_r_a_t_i_o_n !! undeeenylm~lonie acid. 
The procedure ~ollowed was simil ar to that used in the 
preparation or met hylmal onic ac id (po/3~ )o To a warm solution 
or 46 grams (O o82 mol e) or pot assium hydroxide and 46 ml. or 
water was added 46o0 grams (Ool47 mole) or diethyl undeeenyl-
malonate (prepared by G. Ro Thomas (120)) at a rate to 
maintain gentle rerluxi ng (twenty=rive minutes)o The amber 
solution was rerluxed on a steam bat h ror four hourso The 
alcohol was removed by distill a t ion on a steam bath, the 
reaction mixture cooled in an iee ~water bath, and acidi~ied 
to pH2 <pHydrion paper ) with cold 18~ hydrochloric acid. 
The heavy, light yellow precipit at e which ~ormed was removed 
by filtration with suct ion s recrystal lized from an alcohol= 
water mixture s and dried over night i n a vacuum desiccator. 
' I • I 
The yield of or~~whit e cr ystalline material wit~ mel~fng point 
110..,110.5° was 34o3 gr ams (91%). The reported (121) melting 
point or undecenylmaloni c acid i s 112~1130. 
6. Preparation o~ phenyl malonic acid. 
The procedure rollowed was similar to that used in the 
preparation of methylmalonic acid ( p .lat. ) o From 80.0 grams 
(Oa339 mole) of diethyl phenylmalonate (Matheson~ Coieman~ 
and Bell product used directly) with a reflux time of one hour, 
and continuous extraction of the aqueous malonic acid with 
ether for one day, t he yield was 54.0 grams (88.5%) after 
recrystallization from benzene and from warm (50°) water. 
The melting point of' the material was 154.5=155° (dee.). The 
reported (122) melting point of phenylmalon!c acid is 
1$1.5° (dec.)o 
7. Attempted preparation!£ acetamidomalonic acid. 
Two attempted hydrolyses of dietbyl a.c et~idomalGnate 
were unsuccessful. In the firs t hydrolysis, the ester was 
refluxed with the t heoretical amount of potassium hydroxide 
in aqueous solut ion g 
In a 250 mla 9 s t andard taper ( 24/40}, ro~nd bottom flask 
contaiming a Friedrich oondenser 9 was pl aced llo2 ~rams 
(Oa200 mole) or pot assium hydroxide, 21.7 ~rams (0.100 mole) 
of diethyl ace t amidomalonat e (Winthrop~Stearns product, 
melting point 94=95°1 report ed (123) melting pG!nt 95~, and 
100 ml. of watero The clear yellow solution was refluxed 
(heating mantle) for sixt een hours. Alcohol was removed 
from the solution by distillation (heating mantle) until 
the boiling point of the dis t ill ate reached 96°, The solution 
was cooled and ext racted with one 50 mlo and on' lOQ ml. 
portion o~ ethero The aqueous solution was then acidified 
with 25 mlo of concentrated hydrochloric acid and the acidic 
solution extracted with thre.e 100 ml o portionl!l o~ ether o The 
combined ether extracts we~e qried over anhydrous sodium 
sulfate for thirty minutes, the drying agent removed by 
~iltration with suction through a l!lintered glass .funnel, 
and the ether removed on a stetm batho There waj no rel!lidue. 
The acidic l!lolution after ether extraction wal!l con-
centrated to about one-half its volume o The solutio.n was 
allowed to stand in an open container at room temperatureo 
A small amount (Oa30 gram•) of acidic material came out of 
solution during the concentrationo The acid melted at 
195-196.5° and ln.ad a neutralization equiTalent of about 
130o This material is probably impure aeeturic acid 
(acetyl glycine) which has a molecular weight of 117ol and 
a reported (124) melting point of 206° 0 
In the second hydrolysie the ester was allowe<;i to stand 
at room temperature wi t h tne theoretical ~ount of aqueous 
potassium hydroxide for one day. Titration with standard 
acid using phenolphthalein as indicator l!lhowed that all of 
the potassium hydroxide was Ul!ledo The reaction m~xture was 
worked up al!l in the first hydrolysis with t~e except~on . that 
at no time was the temperature of the so~utions allowed to 
rise above room temperatureo The only solid obtained was 
potal!ll!lium ch.lorideo Perhaps, the preparation would have 
been more success!'Ul if an alcohol solution had been ul!led 
as was done in t he preparation of ethyl hydrogen acetamido-
malonate (polt./7 ). 
8. Preparation o~ butzlmalonic ~· 
Student preparation butylmaionic acid was recryetallized 
~rom a benzene-ether mixture to give a white cry$talline 
compound with melting point 99-101°0 The r~porteq (125) 
melting point o~ butylmalonic acid is 102=193°. 
9. Preparation o~ tartronic acid (h~df~xymalonie !!!£). 
Tartronic acid wae prepared by N. F. Yannoni . according 
to the procedure o~ Bak {126). The o~~-whit~ material had a 
melting point o~ 139-141° (deco) when heated at a rate O~ · 
3°/minute. The reported {126) melting point o~ tartronic 
acid ie 145-147° (dee.) when heated at a ra~e of 3°/mimute. 
10. Malonic acid. 
--r--
Fisher Scientific Company "C. P." malo:rtic aeid was ~sed 
directly. The melting point of the acid waa , ~32-133° (dec.). 
B. Preparation Q! Acetoacetic ~· 
The procedure followed was very similar to that described 
by Kreuger (127). 
Purification Of Ethyl Acetoaeetateg 
Eastman Kodak "White Label" ethyl acetoacetate was dried 
over Drierite ~or one day. The mixture was filtered with 
suction, and the filtrate distilled through a two ~oot Widmer 
column. The portion with boiling point 74~76° (9~10 mm.) 
with ~·~ el.4202 was collected. The reported (128) value o~ 
the re~ractive index ie ~ el.41937. 
In a two literg standard taper (24/40) 9 round bottom 
flask was placed 127 mlo (1.00 mole) or ethyl acetoacetate 
and a sol11tion or 40o0 grams (loOO mole) or sodium hydroxide 
in one liter or distilled watero The flask w.as stoppered, 
and allowed to stand at room temperature .for twenty hours. 
The solution was extracted w!th three 250 ml. portions o.f 
ether 11 cooled in an i ee=water bath, and acidified with 200 
ml. of cold 6N sulruric acid (some gas eTolution). The 
solution was t hen saturated with sodium chloride and extracted 
I 
with four .500 mlo port ions of ether o The ether extract waa 
dried over anhydrous sodium sulfate .for .four hour~ and then 
filtered with suction through a sintered glass :t."unnel.' The 
dry ethereal solution was concentrated by heating in a ~ater 
bath at 30=40° with the system under aspirator pressureo 
'When the solution had been eoneen~rated to about 25 ml .. 11 it 
was round that cooling the solution in a dry ice-~cetone 
bath gave solid which did not redissolTe when allowed to 
warm to room tem~erature. The solid was rap~dly .f~ltered 
with suction through paper and placed in vacuum desiccator 
over silica gel for two days. The yield of the white cryst-
alline solid was 2o74 grams (2o68%) with melting point 
36-37°. The melting point was determi:ped . ~n ·. tt · w•te:r : bath, 
' . ' ' ·r ' ·: 
with the sample being placed in a small dry test~t11be topped 
by a drying tube. The reported (127) melting point of aeeto~ 
acetic acid is 36-37°o 
Co Preparation Q! Ethyl Hydrogen Acet~domalonate. 
The procedure was identical with that des 9ribed by 
Albertson et al {130 )o 
In a 250 mlo standard .taper (24/40) rl.sk was placed 
• )~l o 1 grams ( 0 o 100 mole) or , d ~ethyl aeeteflidomalonate 
' (winthrop~Stearne ) g 12.5 mlo ' of 95% e thanolg and 60o2.5 ml. 
(OolOO mole ) or lo66 N potaseium hydroxide. The rlask was 
stoppered and allowed t o stand a t room t emperature for two 
days. The solution was placed in an eTaporating dish 
and evaporated t o dryness by bloliing ~ strea~ or air over 
the solution at room temperatureo The residue was partitioned 
between 50 mlo or chloroform and 20 ml o of watero The 
. t ' 
cooled (ice=water bath) aqueo~s layer wa~ ~ctd.~~i~d with 
8.1 mlo (OolO mole ) or cold concentrated hydrochloric acid. 
The precipitate wh:!J ·e solid was r~moved by riltration, 
washed with cold wat er 9 and dried overnigh~ in a Tacuum 
desiccator OTer eilica gelo The y~"ld was llo5 grams 
(60o8%) of material with melting point 127=129° ( d~eo)o 
The reported (130 ) melting point of e~hyl hydrogen acetamide-
malonate is 126=128° (dec .) o 
The reaction was repeatedg using 77o7 grams (0.354 mole) 
• I . 
or diethyl acetamidomalonate and correspondingly larger amounts 
of other materialso The yield was 45.4 grams (67o8%) or 
material with melting point 126~128° (deco)o 
Do Prep.aration, And Puriridation or Aromatic Aldehydes. 
lo Puri.fication o.f benzaldehl .. eo 
A solution o.f 250 ml. o.f Eastman Kodak •'Whi te Label" 
benzaldehyde and 1'25 mlo o.f petroleum ether (boiling point 
30-65°) was extracted with two 125 ml. portion o.f 5% 
sodium bicarbonate and then with two 100 ml. portions o.f 
watero 
II • The organic layer was dried over Drierite .for one 
hour, .filtered with suction through a eintered glass .fUnnel, 
and the petroleum ether removed frpm the clear .filtrat~ bl 
distillation on a steam bath. The 1ellow residue was 
distilled (heating mantle) with a stream o.f nitrogen bubblirg 
through the solution. A one piece, standard taper (24/40) 
distilling unit with a ten em. Vigreux column and an air 
condenser was usedo The colorless t'raction with boiling 
point 176-176o5° was collected and stored under nitrogen in 
a dark bottle. The reported (131) boiling point o.f benz-
aldehyde is 178o7°o 
2o £=Bromobenzaldehyde 
I 
The Ho and So Chemical Compan1 product with melting 
point 55o5=570 was used directllo .The reported (84) melting 
point o.f p=bromobenzaldehlde is 56o5=570o 
3o £=Chlorobenzaldehyde 
The Eastman Kodak "White Label" prod11et with melting 
point 10o5=11.5° was used directllo The ~eported (132) 
melting point o.f o=chlorobenzaldehlde is 7=10°. 
4o Preparation o.f ~-Chlorobenzaldehyde 
The preparation was identical with that o~ Buck and 
Ide ( 133). 
A ~our liter ~aker ritted with a motor driTen stirrer 
was placed in an ice-water bath. To the beaker waa added 
· 450 grama (2o00 moles) of dihydrated atannous chloride 
(Baker ''Analyaed "=reagent grade) and 600 ml. of c0n6~ntrated 
hydrochloric acid. The mixture was stirred, and when the 
temperature o~ the solution was 59, 100 grams {0.66 mole) 
or m-nitrobenzaldehyde was added in Gne portion. The 
mixture was maintained in the ice=wat•r bath with stirring. 
A~ter ~ifteen minutes, the temperature of the yellow-brown 
mixture rose rapidly to 85°, and the mixture changed to a 
clear red solution. When the temperature of' the solution 
went down to 5° (an additional ~if'teen minutes), the pastel-
orange pasty mixture was cooled to 0° in an ice-salt bath. 
A solution o~ 46 grams (0.67 mole) of' sqdium nitrite 
(Bakerus "C. Po") in 150 mlo of' water was added dr_opwise 
through a separatory f'unnel (stem below the surf'ace of the 
a period o~ two hours at a rate so that the 
temperature of' the mixture could be maintained between 
o-5°. After the addition was complete, the mixture was 
added with shaking to a mixture of' 826 grams {0.750 mole) 
of cuprous chloride (Bakervs "C. P."=89.8%) and 900 ml. 
of' water at 75° in a f'iTe liter round bottom ~lask. When 
the diazonium solution had all been added, 840 mlo of 
concentrated hydrochloric aciCil was added and the black 
mixture allowed to stand for f'ive hourso The mixture was 
then steam distilled, with two liters of distillate being 
collected. The yellow oil which separated out of the 
distillate was separated from the aqueous solution, and the 
aqueous solution then extracted with two 250 ml. portions 
of ethero The ether extra~t was combined with the original 
o~l, and the resulting yellow solution dried over anhydrous 
calcium chloride overnighto The ethereal solution was 
decanted from the drying agent, and the ether removed on a 
steam batho The residue was distilled using a 100 ml. pot, 
an electrically heated oil bath, a 30 em. asbestos-wrapped 
Vigreux column, a Friedrich condenser, and a vacuum pump 
after preliminary removal of solvent under aspirator pressure. 
The water~white liquid with boiling point 74=76° (4 mm.) with 
the oil bath at 120-140° was collect~do Th~ yi~ld was 33.0 
grams (35.6%) of material with refractive i:ndex 11.'1 •1.5263. 
The reported (133) yield is 75=79% of material with boiling 
point 84-86° (8 mm.). 
5. Purification 2.£. _E-Chlorobenzaldehyde. 
Eastman Kodak "Practical" material w~a recrystallized 
from an alcohol=water mixtlire at 45° to give a compound 
with melting point 45=46.5°. The reported (134) ' melting 
point of p-chlorobenzaldehyde is 48-49°. 
6. Puritication of 2,~-dichlorobenzaldenyq~. 
The Eastman Kodak ' hpraetical II compound was r~~ryatallise d 
from ligroin to give a material melting at 71-7,20o The 
reported (135) melting point of 2,4=diohlorobenzaldehyde is 
70-71 ° :~ 
IS"O 
1. Purirication or 3,~=dichlorobenzaldehyde. 
Eastman Kodak "Practical" material was recrystallized 
rrom an alcohol-water mixture at 40° to ~ive a compound 
with melting point 42-43°. The reported (135) melt!ng 
point or 3 ,4-dichlorobenzaldehyde is 43 ·1'=44 ° 0 . 
8. Purirication and preparation or 2,6-dichloro-
I' benzaldehyde*! 
(a) Puririeation ~ £,6-dichlorobenzaldehyde. 
The Eastman Kodak "Practical" compound was recrystallized 
t"rom an alcohol~water mixture to give material with melting 
point 70.5-71.5°. The reported (l36) melting point or 2,6-
dichlorobenzaldehyde is 710. Additional 2,6-dichlorobenz-
aldehyde was required, and since it was no longer commer-
~ially available, a preparation rrom the commercially 
available ,.t.,o(,, 2, 6-tetrachlorotoluene !~::li:.J7) was carried out. 
(b) Preparation£! 2,6-dichlorobenzaldehyde. 
' ' . . j 
The procedure followed the SU8gested method of Fieser 
(I )'I) 
and Fieser. 
In a. 500 ml. t"lask was placed 100 grams ( <L 391 mole) · 
of ~,~,2,6-tetrachlorotoluene (Eastman Kodak "Practical" 
(90~) used directly) and 100 ml. or concentrated sulrttric 
acid. The mixture was placed in an electrically heated 
water bath at 55±20 and stirred wt·th a motor driven glass 
stirrer with a Terlon blade for sixteen hours. At the end 
of this p~riod, there was no ~rther evolution of hydrogen 
ICI 
chloride a• tested with moist pHydrion paper. Th~t red-
brown solution was cooled in an ice-water bath and added 
to 250 grams or ice. The light yellow solid which 
separated was remoTed by riltratiom with SUCtion through a 
aintered glass runnel, washed repeatedly with cold water, 
air dried, and recrystallized trom petroleum ether (30-60°). 
The yield was 31.2 grams (46.0%} of' an of'f'-white crystalline 
compound with melting point 70-71°. 
9. ,£-Me.thoxybenze.ldehyde. 
I 
Eastmtm. Kodak "White Label" material with melting point 
3-4° was used directly. The reporte(3 (138) melting point 
of' o-methoxybenzaldehyde is 2.7-3°. 
lOo Preparation of' ~-methoxybenzaldehyde. 
~0. 
The preparation was similar to that described by Pschorr 
and Jaekel (139). 
In a 500 mlo, three necked, standard taper (24/40), 
f'lask f'itted with e. "Tru=bore" stirrer, e. }t'riedrich con-
denser, and a stopper, WJS placed 204 ml. (0.204 mole) of 
lN potassium hydroxide. Twenty-fiTe grams {0.20 mole) 
ofr m-hydroxybenzaldehyde (Eastman Kodak "Practical") was 
diasolTed in the alkali. To the cloudy brown solution 
was added 13.1 ml. (Oo210 mole) of iodomethane (Eastman 
Kodak "White Label" used directly)o The mixture was re-
fluxed on a steam bath for f'our hours. · After rour hours, 
the iddomethane appeared to be used up. The mixture 
stopping re:fluxingo There was a brown oily layer at the 
bottom or the solution. 
with 200 mlo o:f ethero 
The mixture was cooled and extracted 
'til\$~ 
The orange ether extract~with 100 ml. 
II \\ 
or 5% sodium hydroxide and dried oyer Drierite :for three 
days. The ethereal solution was riltered (with suction 
through sintered glass) and the eth~r remoYed on a ste~ 
bath. The rel!!idue was dis~illed at atmospheric press11re 
using standard taper equipment containing a ten em. Vigreux 
column, and an open :flame as source o:f heat. The water-
white liquid with boiling point 232-2330 was collected. The 
yield was 15.7 grams (56.6%). The reported (1)9) yield .is 
75-Bo% or material with boiling point 225-235°. 
11. · ~i»Methoxybenzaldehyde. 
Eastman Kodak "White Label" material with melting -point 
0.5-20 was used directly. The reported (138) melting point 
o:f p-methoxybenzaldehyde is 0.02°. 
12. Puri:ficat~ or 2,3-dimethoxybenzaldehyde. 
Monsanto Chemical Company product was recry~tallized 
:from an alcohol-water mixture to give material with melt~ng 
point 51-52°. The reported (140) melting point of 2,3-
dimethoxybenzaldehyde is 54°. 
13'. Puri:fication £! 3 ,!t-dimethoxybenzaldehyde 
I 
(Veratraldehyde)o 
Matheson Chemical Company product was recrystallized 
:from an ether-petroleum ether mixture to give material with 
melting point 43-44°o The reported (1~~) melting point os 
yeratraldehyde is 44o5-45°. 
14. Purification £.!. !_-h);d;roXJben,aldehzde 
(Salicyladehyde). 
A solution o~ 75 ml. or aaliayladehyde (Matheson Company) 
and 75 ml. o~ ether ••• extracted with .lOO ml. of 5% sodium 
, ~ # b\carbonate and dried oyer vrierite for one day. The mixture 
was ~iltered with suction, and the ether remoTed by distilla-
tion on a steam bath. The orange re~idu~ was distilled 
through a ten em. Vigreux column using an air condenser, with 
an open t"lame as source of' heat. The light yellow liquid 
with boiling point 193-193.5° and ref'ract~ve index~~-1.5708 
was collected. The reported constants are boiling point 
.,_., 
(142) 196.4-196.5° (751 mm.) and refractive index (143)~ • 
1.57358. 
15. Purification of' !!_!-llydroxybenzaldehyde. 
The Eastman Kodak "Practical" product· wal!l :reCllrystallized 
from aloonol-water to giTe material· with melting point 102-
1040. The reported (144) melting point of m-hydroxybenze.lde-
hyde is 106 . oo. 
16. Purif'icationlJ!.! J?.=hydrox,.benzaldehyde. 
; . 
Eastman Kodak "White Label" material with melting point 
115-1170 was used directly. The reported (144) m~lting 
point of' p-hydroxbenzaldehyde is 116.00 • .... 
17. !!-Hydroxy~3~methoxybenzalde~l4e ': (V~illin). 
Monsanto Ghemical Company product with melting point 
81-82.5° was used directly. The reported (145) melting 
point of' vanillin is 82.50. 
18 o .£-Methyl benzaldehyde ( o-Tolua~'dehyde). 
City Chemical Company material with rerraetive index 
ar 
nD :lo5300 was used directlyo The reported (143) value or 
the re!"ractive index is m.': .1 o5485 0 
19. Prepar.ation or _!!!..;11\ethylbenzaldehyde 
,j!!_ 
~~ 
(_!!!-tolualdehyde). 
The method or preparation was based on the work of 
Stephen (146) and Bowen (147)o 
Anhydrous stannous chloride was prepared by heating 
dihydrated stannous chloride (Baker "C. P.") to 180~ in a 
porcelein dish (open rle.me), drying in a vacuum QVen at 
140° (aspirator pressure) ror three days, pulverizing, drying 
in a vacuum oven !"or three hours (1400-aspirator pressure), 
and storing in a vacuum desiccator over Drierite. 
In a 250 mlo round bottom, standard taper (24/40) flask 
was placed 100 ml. or dry ether (dried over calcium hydride, 
the drying agent removed by gravity filtration through 
pape~) and 50o0 grams (Oo264 mole) or anhydrous stannous 
chloride. Dry hydrogen chloride (Matheson Company product) 
was passed through a sulfuric acid tower and then bubbled 
through the mixtu.reo The .flask was cooled in an ice-water 
batho Arter rapid passage or the hydrogen chloride through 
the mixture rer three hours, two layers were :formed. There 
was some solid in the lower layero The passage of hydrogen 
chloride was stopped, and 15o8 grams (Ool35 mole) of m-tol~ 
nitrile (Eastman Kodak "White Label'' distilled; boiling 
point 95~60 7° (4.5 mmo), ~ :lo5238. The reported (148) 
boiling point o:f m-tolunitrile is 98-looo (20 mm.)) added. 
The :flask was topped by a calcium chloride d.rying tube and 
allowed to stand at rGom temperature :f"or :five days with 
oec·aa1Gnal shaking. There was a white soli<a formed in the 
lower layer. The solid was removed by filtration with 
suction through a sintered glass funnel and washed ;iith dry 
ether. The solid was steam distilled, with 2$0 ml. o:f 
distillate being collected. The distillate was extracted 
with two 100 ml. portions o:f ether, and the ether extract 
dried over Drierite overnight. The drying agent was removed 
by :filtration with suction through a sintered glass :f"unnel, 
and the ether removed by blowing a stream o:f dry nitrogen 
over the surface of the solution at room temperature. The 
light yellow residue was distilled using a. one piece distilling 
unit with a ten ml. pot, an air condenser, a ten em. glass 
wool wrapped Vigreux colwnn, and an Ol!len . fla.llle as source or 
heat. The water-white liquid with boiling point 197-198° and 
refractive index Jf :lo5370 was collected.. The yield was 
7.2$ grams (44o7~)o The reported (147) yield is 50~. The 
reported constants for m-tolualdehyde are boiling point . (l47) 
198° {756 mmo) and refractive index (14.3) n~ :1.5413. 
IS'I. 
20o ~-Methylbenza.ldehyde (£-Toluald~hyde). 
. u· 
Matheson Company product with nD :1.5412 was used directly. 
The reported (149) refractive index or p-tolualdehyde is 
''-nl> •1.5484. 
21. J,!- Methylenedioxybenzaldehzde (Piperonal). 
Eastman Kodak "White Label" material with melting point 
36-37° was ~sed directlyo The reported (150) melting point 
of piperonal is 37°. 
22. £-Nitrobenzaldehyde. 
Eastman Kodak "White Label" material with melting point 
43.5-44° was used directly. The reported (1$1) melting 
point of o-nitrobenzaldehyde is 46°. 
23. 1!-Nitrobenzaldehzde. 
Eastman Kodak "White Label" material witl¥.melting 
point 105-106.5° was used directly. The reported (151) 
melting point of p-nitrobenzaldehyde is 107°. 
24. ~-Nitrobenzaldehyde. 
Eastman Kodak "White Label" material with melting 
point 58-59° was used directlyo The reported (151) melting 
point of m-nitrobenzaldehyde is 570. 
25. Purification£.!. _£-dimethylaminobenzaldehyde. 
Matheson Company product was recrystallized :t"rom an 
alcohol-water mixture to give material with melting point 
73-74.5°. The reported (152) melting point of p-dimethyl-
aminobenza1dehyde is 74°o 
26. Source of E-earbo~I-1 1~-dimethoxybenzaldehide 
(op1anie aei~)o 
Opianic acid with melting point 145-146° was prepared 
by A. L. Bluhm by the oxidative degradation of narcotine. 
The reported (153) melting point of opian1c aciq is 145°. 
27o ,2""I~o'Rr~pylbenza1dehydeo 
Eastman Kodak "White Label" material with n~ .1.5289 
was used direotlyo The reported (154) r~fraotive index of 
~~ p-isopropylbenzaldehyde is n~ -1.5301 7 
28. Preparation .2,! 2,!1,6-trim~thzlb.~n~aldehJde 
(mesitaldehyde). 
The preparation was based on a modi~ied procedure sug-
gested in rererence 155. 
The apparatus consisted o~ a 300 ml., three necked, 
standard taper (24/40), round bottom ~lask ~itted with a 
. 
gas inlet tube and a motor driven "Tru-bore" stirrer haTing 
a Te~lon blade. The gas inlet tube extended to abou.t one 
inch aboTe the bottom o~ the ~laak, and contained a aide 
arm which acted as an outlet tube. The third .. neck of .the 
flask contained a glass stopper. The system wa• dried by 
flaming, with dry nitrogen being passed through the apparatus. 
In the flask was placed 36.75 grams (0.2100 mole) of 
zinc cyanide (Matheson, Coleman, and :Bell,. Company) and 73.25 
grams (0.5500 mole) of anhydrous sublimed 4tluminum chloride 
(Baker and Adamson). The zinc cyanide and aluminum chloride 
were mixed, and 25.5 grams (0.212 mole) o~ mesitylene 
(Matheson, Coleman, and Bell product used dir~ctly) added. 
The ~lask waa placed in an electrically heated oil bath 
maintained at 100° and the stirrer started. Hydrogen chloride 
(Matheson hydrogen chloride, "Anhydrous") was passed through 
a sult"u.ria acid tower and then into the system at a ~airly 
rapid rate ror rour hours. The mixture became Tery dark. 
Water may have been introduced into the system since there 
was some liquid Yisible in a nubber tube through which the 
hydrogen chloride passed be!"ore entering the reaction !"lask. 
The passage of" hydrogen chloride was 1topped, and the dark 
brown tarry mixture heated an additional two hours ( 100,0 ) 
with stirring. The reaction mixture was allowed to cool 
overBight. 
Part o:r the tar was cautiously poured into a .one liter 
beaker half" :f"ull o:r ice and containing 25 ml. or concentrated 
hydrochloric acid. The part or the tar which could not be 
poured was decomposed by the care!"ul addition or ice. Both 
mixtures were allowed to stand overnight. The black aqueous 
mixtures were combined, and 100 ml .. o:r be.nzene added. No 
separation o:r layers was obseryed. The mixture was steam 
distilled, with two liters o!" distillate being collected. 
The benzene and aqueous layers were separated. The aqueous 
layer was extracted with two 100 ml. portions of" benzene. 
The combined benzene extracts were extracted with 100 ml. 
or 5% sodium hydroxidei and the benzene remo"Yed by evaporation 
on a steam bath. The clear light brown residue w~s distilled 
through a ten em. Vigreux column using an all glass standard 
taper (14/20) distilling unit, a vacuum pump (a:rter pre-
liminary removal o:r solvent under aspirator pressure), anq 
.• 
an electrically heated oil bath as source of" h~at. The 
clear !"aintly yellow liquid with boiling point 99-102° (5 mm.) 
with the pot at 121-124° was collected. The re:rracti"Ye index 
Q~ 
:round was nD •1.5482. This portion was redistilled at 
atmospheric pressure thro~gh a ten em. Vigreux column using 
an air condenser, and an open ~lame as source o~ heat. The 
clear, ~aintly yellow liquid with boiling J>Oint 2.37-240° 
and re:rractiTe index n i\.5" :1.5484 was collected. The yield 
was 12.8 grams (41.2%). The reported { 1.55) yield is 1?;% 
o~ material with boiling point 110-120° (9-10 mm.). 
The reported constants ror mesitaldehyde are boiling point 
(156) 237° and re:rractiTe index (157) n;0 :1.5524. 
29. Preparation of 2,~,~-trimethyl-3,5-d~-
- ' . -; . 
benzaldehyde (dinitromesitald.4:r.de). 
: . «; 
The procedure followed was identical with that described 
by Hinkel (158). 
In a 250 ml. standard taper (24/40), three necked, round 
bottom ~lask ritted with a motor dri~en precision bore stirrer 
with a ~erlon blade and a thermometer, was placed 50 ml. or 
concentrated nitric acid (Baker "C. P." density 1.42) and 
50 ml. or concentrated sulfuric acid (Baker "C. P." 96.6%). 
The solution was cooled in an ice-water bath. To the cooled 
{5°) acid mixture was added 5.00 grams (0.0338 mole) of' 
mesi taldehyde Cp.JS'I) in small portions (about f'~T~ drop a 
per addition) over a period or thirty minutes. The temperature 
,:)'" 
of' the mixture was maintained below 10° thro~hout the reaction. 
Addition of the mesitaldehyde resulted in the :rormation of 
a brown oily layer which disappeared on continued stirring. 
After each addition, the mixture was stirred until the layer 
had disa,peared. When the addition was about one-half' 
complete, the appearance of a yellow solid in the orange 
solution was noted. The mixture was stirred for an additional 
thirty minutes after completion of' the . additiQn ( etill · in the 
ice-water bath). One hundred and fifty ml. of water was then 
added to the mixture. The greenish-yellow solution containing 
a yellow solid was filtered with suction through a sintered 
glass .funnel, the light yellow solid repeatedly washed with 
cold water, and then recrystallized f'rom alcohol-water. The 
yield of' very slightly yellow, small needles of melting point 
163-164° was 3.60 grams (44.8%). The reported (158) yield of' 
dinitromesitaldehyde is 75% of' material with a melting point 
of' 166°. Concentration of' the mother liquor yielded an 
additional 1.18 grams of' material with melting point 120-
1350. This material was not purified .further. 
gr 
30. Purifieationftt'urfural. 
Eastman Kodak ''fmite Label" :rt:lr~al was di~tilled at 
atmospheric pressure to give material with boiling point 
159-161°. The reported (159) boiling point of' fur~ral is 
162°. 
31. l-Naphthaldehyde. 
" " h :u.i The Eastman Kodak ·White Label product wit nD • 
1.6508 was used directly. The reported (160) ref'raotiTe 
index of 1-naphthaldehyde is n~S al.6546. 
1~1 
Eo Purif'ica.tion Of' Aliphatic Aldehydes o 
1. Acetaldehyde. 
Eastman Kodak "White Le.bel" acetaldehyde waf! used 
d~rectly. No con8tant8 were obtained. 
2. Isobutyraldehyde. 
Eastman Kodak "White Label" material waf! dried over 
~rierit~1 and the resultant liquid with n~ :1.3734 U8ed 
directly. The reported (161) ref'ractive index of' isobutr-
aldehyde is n~ •1.37302. 
3. Purification of' heptaldehyde. 
Eastman Kodak ''White Label" material was dried over 
anhydrous sodium sulf'ate :for one hour, the drying agent 
removed by .filtration {gravity through paper), and the 
f'iltrate distilled through a 30 em. asbesto8 wrapped Vi greux 
columno The colorless portion with boiling point 151.5-
o ~! 152 and ref'raetive index n~ : 1.4095 was collected. The 
reported (162) constant8 f'or heptaldehyde are botling point 
155.0-155.5° and ref'ractive index n~ •1.40884. 
4. Heptylidene heptal. 
I ) 
The preparation and purif'ication of' heptylidene heptal 
are described on page~~treating with the reaction of' 
heptaldehyde and methylmalonic acido 
5. Purification of' citral 
The purif'ieation was based on the met~od of' Russell and 
Kenyon (163). 
In a 500 ml. bottle was plaoeQ 100 ml. or water, 100 
grams or ioe, 27 grama (0.18 mole) or citral, 50 ml. of 
5% sodium ~arbonate, and 52.5 grams (0.200 mole) of 
4~%_ sodium bisulf"ite.~The bottle was stoppered, the rubber 
stopper wired on, and the bottle shaken vigorously (mechan-
ical shaker) for three hours. The resultant solution was 
extracted with 200 ml. of ether, and placed in a one liter 
round bottom f"lask fitted with a mechanical stirrer. The 
bisulfite solution was covered with 200 ml. of ether, and 
200 ml. or 10~ sodium hydroxide added dropwise over a thirty 
minute period with rapid stirring. The ether layer was 
separated, dried over anhydrous sodium sulfate for on.e' day, 
the drying agent removed by t"iltration with suction through 
sintered glass, and the ether removed (rlash distillation). 
The re'.,idue was distilled through a 20 om. Vigreux oolunm. 
The very slightly yellow liquid with boiling point 53.5-
54.5it (0.2 mm.) with the pot at 94-95° was collected. 
The recovery was 17.4 grams (64.5~}. The reported (163) 
boiling point of eitral is 84-85° (2 mm.}. 
6. Purif"ieation ~ oinnamaldehyde. 
Eastman Kodak "White Label" material was purified in 
the same manner as benzaldehyde (p ·I'll ) . The slightly 
yellow material with boiling point 97-98.5° (3 mm.) and 
rerraotive index n~ :1.6284 waa collected. The reported 
.. 
(1~-) ref"raotive in.dex of oinnamaldehyde ia J: :1.65090. 
Fo Puri~ication or Bases. 
1. Purirication or pyridine. 
(a) Puri:t"ieation ~ordinary ppidine. 
Eastman Kodak "White Label" p,-ridine waa rerluxed ~vi th 
anhydrous barium oxide (City Chemical Comp~y) ror o~e hour, 
and distilled directly .from the barium oxide through a 30 em. 
Vigreux column. The portion with boilin.g point . ll3-114° 
was collected and stored over potassium hy~roxide pellets. 
The rerractiTe index round was nf:l.5062. The r~ported 
(164) constants .for p,-ridine are b9iling P<?int 115.2-~15.4° 
~ \ 
and ref'ractive index n» :1.5044. ·, 
l 
(b) Purification _ ~:f "Special" pyridine ~ 
Pyridine treated as in ( .) was deo·an.ted rrom the potasl!d. 'WI1 
hi~roxide, 1-:n.aphthylisocyanate (Eastman Kodak "White Label" 
used directly) (25 grams per kilogram or 'yridine) was added 
and the solution distilled through a 30 em. Vigreux column. 
The colorless liquid with boiling range 115.2-115.5° and 
refractive i:n.dex n~C :1.5088 was aol1eqted and stored oyer 
potassium hydroxide pellets. 
In later work, Eastman Kodak '~ite Label" pyridine 
was dried over potassium hydroxide pellets ror two days, 
decanted rrom the potassium hydroxide, reflaxed with 
phosph0rus pentoxide and distilled directly . rro~ the 
phosphorus pentoxide through a 30 cmo Vigreux column. The 
portion (Do rore-rlUl) with boiling point 115-115.~ was 
collected and stored over potassium hydroxide pellets. 
This "Speci:al" p,-ridine was used in all oaaea where it was 
desired to have base ~ree ~rom secondary amin~ impurities. 
2. Puri:t"ication .2! piperidine • 
. Eastman Kodak "Practical" grade pipe:ridine was re~luxed 
with sodium metal :for two hours, and distilled dtrectly 
:from the sodium through a 15 em. Vigreux column. The portion 
. ~ 
with boiling point 104.5-105.$0 and re:rractive index nD ~ 
1.4500 was collected and stored over potassium hydroxide 
pellets. The reported (165) boiling point of' piperidine is 
105.6°. 
3. Purification !f triethzlamine. 
'Triethylamine (Eastman Kodak "White Label") was dried 
over sodium hydroxide pellets ~or two days, decanted ~om 
the sodium hydroxide, and distilled throu~h a 30 em. Vigreux 
column. The colorless liquid with boiling point 89.5-89.8° 
and ret"raetive index J; .1.3985 was .collected. The reported 
constants ~or triethylamine are boilin~ point (166) 88.8-
890 (758.3 mm.) and re:rractive index (154) ri: .1.4005. 
4. Purif'ication of !-ethtlpiperidine. 
One hundred grams o:r N-ethylpiperidine (Eastman Kodak 
"For Penicillin G Determination") was dried over potassium 
hydroxide pellets ror two weeks. The liquid was decanted 
f'rom the potassium hydroxide, ten ml. of' 1-naphthylisoeyanate 
added, and the solution allowed to stand ror one week. 
A g'WDM'1 yellow solid was ~ormed on the walls Qf' the :flask. 
The yellow liquid ;was decanted from the solid, re.fluxed :for 
one hour, and distilled through a 15 em. Vigreux column. 
The colorless liquid with boiling point 129-129.5° and 
lO re~aetive index n, •1.4439 was collected and stored over 
-potassium hydroxide pellets. The reported (168) boiling 
point or N-ethylpiperidine is 129o. 
I . 5. Puri.fication.!! ,!-benzilmethzlam.ine~ 
Matheson, Coleman, and Bell N-benzylmethyl,amine was 
distilled through a 20 om. glass wool wr-.pped Vigre'tlX 
column. The water-white liquid with boiling poi:p_t , l83-184° 
was collected and stored over sodium hydroxide pellets. 
The reported (169) boiling point or N-benzylmethylamine 
is 184-186°. 
6. Activation !! 'lR-~. 
"Amberlite" 1R-4B (Rohm and Haas Company) was '-llowed 
to stand in a 10~ sodium hydroxide sol~tion overnight, 
separated from the aqueous $Olution by d~cantation~ and 
washed repeatedly with distilled water b7 decantation until 
the washings were no longer basic to pHydrion paper. The 
resin was dried in a vacuum desiccator over Drierite .for 
1 
one week. 
' G. General Directions For 'lhe Reaction. 
~- -- -
A picture of" the apparat~ employed tor the majorit,. 
of th&· reac tiona is giTen on the :roll owing page. "011-. 
pumped" nitrogen was bubbled through a sulfUric acid tower 
at a rate of about one bubble per ,two seoon~s. The nitrogen 
was led to a gas manit'old :t'rom which b'J suitable manipu-
lation of the stopcocks, it could be led to any -or allot' 
the reaction Teasels. After bubblimg through the reaction, 
the nitrogen and eyolved gases pas~ed through an · eDrpty · :r:raek 
serving as a sa.tety .flask, two flasks containing ault'uric 
acid to remove possible organic materials which might be 
swept OTer, and finally into an absorption bulb. The bulb 
contained a layer or Anhydrone (magnesium perchlorate) and 
a larger layer of Ascarite (sodium hydroxiqe and asbestos). 
About 90~ of the absorbing material was Ascarite. A drying 
tube containing Ascarite was attached to the exit tube of 
the absorption bulb to pr~vent carbon dioxide and water 
. -. - -
:from· the atmosphere being collected in the ·absorption bulb. 
In general, the reaction was run in a 50 ml. round 
bottom f'lask. The reactants were placed in the t'lask at 
room temperature, employing a ratio of one mole of aldehyde 
to two moles or the malonic acid, two moles or piperidine, 
and 12.5 ml. of pyridine per 0.01 m~le of aldehyde. The 
flask was then placed in the apparatus. fie heat was J!Pt:llied, 
ie. a steam bath, until the carbon dioxide evolution was 
o·llC!>se to theoretical. The reaction mixture was allowed 
to cool to room temperature, and added to a mixture or 25 ml. 
,~., 
USUAL REACTION AEPAR.ATUS 
A~ S fety flask after sulfuric acid tower. 
B. Gas manif ld. 
C. Safety flask before reaction flask. 
D. Glass tubing leading nitrogen to 
reaction flask. 
E. "ilater-cooled condenser. 
F. Reaction flask. 
G. Safety flask after reaction flask . 
H. Flask containing sulfuric acid. 
I. Flask containing sulfuric ecid. 
J. Absor ption bulb. 
K. Drying tube. 
L. Electrically heated water bath. 
M. '"" ep r A.tory funnel used for m.aintainin~ 
the w t r level of the bath. 
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of' concentrated hydrochloric acid and 50 grams of' ice per 
12.5 ml. of' pyridine used. 
1. Ir a precipitate f'ormed, it was collected by f'iltra-
tion with suction and dissolved in sodium hydroxide (50 ml. 
of' 5% sodium hydroxide per 0.01 mole of aldehyde). In .the 
case of' phenols, 5~ sodium bicarbonate was employed. The 
f'iltrate was extracted with two 100 ml. portions of' ether. 
The ether extract was extracted with the alkaline solution. 
The alkaline extract was added dropwise with stirring tota 
mixture of' 50 ml. of' concentrated hrdroohloric acid and 
100 grams of ice. The precipitated solid was separated 
by filtration with suction and recrystallized from an 
alcohol-water mixture. 
2. If no precipitate formed, or an oil separated, 
the acid solution was extracted with two 100 ml. portions 
of ether. The ether extract was extracted with sodium 
hydroxide or sodiUm bicarbonate (50 ml. of 5% alkali solution 
per 0.01 mole of aldehyde). The alkaline solution was 
then treated as in 1. 
The pyridine used was ordinary pyridine (p.U,H) unless 
otherwise noted. 
Ho Reactions __ .Q! Aldehydes ~Malonic Acids. 
lo Explanation £! tables. 
The "~C02 " is based on the amount o~ carbon dioxide 
which would be evolved i~ one mole o~ carbon dioxide was 
evolved per mole o~ malonic acid. 
The "~ yield" is based on the amount o~ product obtained 
a~ter one recrystallization :from an alcohol-water mixture. 
The ald~hyde is the limiting reagent in most eases. 
Analyti~al samples were dried ~or at least six hours 
in an Abderhalden plstol (re~luxing actone-aspirator 
pressure)o 
2o Preliminary reactions ~· benzalde4yde with 
methyl ~ ethylmalonio ~· 
The e~teets o~ reaction tem\!)erature, aJilOUnt o~ piperi-
dine used, and ratio o~ aldehyde to malonic acid were 
studied 11 using the reaction o~ benzaldehyde with methyl and 
ethylmalonic acido The re~ults or this study are given in 
Table XV (poI? I ) o 
The benzaldehyde remaining a~ter the reaction was 
determined as benzoic acido The ethereal solution, a~ter 
extraction with alkali, was evaporated to dryneas on a 
steam bath. To the residual benzaldehyde, 30 mlo o~ water 
and ~our or riYe sodium hydroxide pellets were added. 
Excess 5~ potassium permanganate was then added. The mixture 
was allowed to stand at room temperature ~or ~i~teen minutes. 
A ~ew drops J:J:f ethe'l!lol--wa.e edded- . -tD~ remoy_e the _e~eess 
I 
permangana'te, and the so1.ution warmed on a st'-am bath ~or 
Table XII 
Preliminary reactions or benzaldeh{de ~ methyl 
. and ethpmalonlc ao d. 
- -
,/} Nlt'\.lll"'-1.1\ P'f~IM#/f 
""tMO + -..r'"\ WVrJ~ PIPd,l)JiJt ,.. 
b 
- Moles or '~,.· . 
Benz- Malonic Pipe~ oi. ci·~ Heat 
aldeh de acid idine Time in Hra. 
Recovered 
~ co2 % Yield aldehyde 
lo Oo0400 
2. 0 .. 0400 
3. 0.03.50 
4. 0 .. 0350 
5. 0 .. 0300 
6o Oo0300 
Oo0400 
Oo0400 
0.0300 
Oo0300 
Oo03QQ 
0 .; 0.300 
0.0202 reflux 1.5 
0.0400 reflux 1.5 
0 .. 230 rerlux 5 
Oo0350 reflux lo5 
Oo0350 a. b. 25 
Oo0350 .!.:,. bo 1J! 
98.0 55 .. 5 
98.0 68.0 
65.0 0 
96.3 63.8 
95.8 66.0 
89 • .5 80 .. 3 
~ C~ .. C~~~OK\ ?I81D1WE • ~a,~ 
. P\~~N.- t.~~~ 
7 .. 0.0300 
8. 0 .. 0300 
9o OoOJOQ 
10. Oo030Q 
11. Oo0300 
13 .. 0 .. 0.300 
14 .. 0.0.300 
15. Oo0300 
then 
16. OoO)QO 
18. Oo0300 
20. 0.0300 
21 .. ·0.0300 
22 .. 0.0300 
23o Oo0300 
Oo0350 
Oo0350 
Oo0350 
0 .. 0350 reflux 2 73.5 16.1 
Oo0350 rerlux 2.5 94.8 18 .. 2 
Oo0350 r. t .. 1 
reflux 2.5 86.5 26.7 
Oo0350 0 .. 0350 r .. t. 2 days 
rerlux 2 .. 5 
0.0350 0.0350 s. b. 2 
reflux 4 
0.0350 0.0350 s. b. 18 
100% 22.8 
· 93.6 36.0 
re-rlux 3 92 .. 0 41.6 
Oo0)$0 Oo03$0 l!lo b. 1 day 100% 39.6 
OoOJ$0 0.0350 So b. 20 
Oo0300 Oo0),50 
0.0150 added 
OoOJOO 0 
then. · a. bo 
5 days 
s. b. 17 
1!1. b ·. 31 
99.6 20.4 
8. b. 2 daJ'B 
reflux 12 82.2 0 
Oo0300 0.0075 a. b. 2 days 
reflux 6 82.0 17 ... o 
0 .. 0300 0.0150 s. b. 2 days ' 
reflux 18 88.5 22.7 
0.0300 0.0225 a. b. 2 days 
0 .. 0300 
0.0.)00 
0.0300 
81.5 .34.0 
97.0 39.8 
94.7 32.0 
reflux 6 
0.0300 s. b. 1 day 
0.0375 a. b. 2 days 
0 .. 0600 a. b. 3 days 
reflux 17 77.4 18.0 
Oo0600 Oo0600 Bo b. 1 day 95.1 47.4 
62.0% 
36.9 
98 .. 2 
73.9 
70.6 
53.3 
39.6 
41.0 
0 
.32.8 
ten minutes to coagulate the manganese dioxide precipitate. 
The manganese dioxide was then removed by suction filtration 
through paper, washed with ten mlo of hot water, and the 
clear filtrate acidified with concentrated hydrochloric acid. 
The mixture was cooled in an ice-water bath and the benzoic 
acid collected by filtration with suction and air dried. In 
a blank run, from 3l05 ml. (0.03· mole) of benzaldehyde, 
3o55 grams (97~) of benzoic acid was obtained. 
The solvent employed was 25 m.l. of pyridine ·except in 
reactions 3. and 14 •• In reaction 3., ten ml. or pyridine 
was employed. In run 14., the original solvent was 20 ml. 
or absolute alcohol. After twenty hours of heating on a 
steam bath, 10 ml. of pyridine was added. In 15., an 
additional 0.0150 mole of ethylmalonlc acid was added 
arter heating for seventeen hours. 
The melting point of the~-methyleinnamie acid obtained 
in these reactions was 80-81° after one recrystallization 
from an alcohol water mixture. The reported melting point 
of transo(-methylcinnamic acid is 79° (71); 740, 82o (89); 
74-75° (170); 82° (8)o An analytical sample was prepared 
by a second recrystallization from an alcohol-water mixture. 
The melting point after drying overnight in a vacuum 
desiccator containing phosphorus pentoxide was 80-81°. 
Anal~ Calcd. for c10 Ht<> 0~ ~ G, 74.05; H, 6.22. 
Foundz c, 74.1; H, 6.3 
The melting point of the «-ethyleinnamic acid obtained 
in these reactions was 103=104°. The reported (8) melting 
point or trans ~-ethyleinnamie acid 1m 104°. 
The dirrerence in yields between iqentical runs 5. 
and 6. is probablJ' due to a: better workup in 6. 
J. Preparation or cinnamio acids. 
Table XVI (p./74> lists the oinnamio acids prepared 
in this research rollowing the general directions of 
Section G •• Two moles or malonic acid end two moles or 
piperidine per mole of aldehyde wa~ employed in all oases. 
Heat was on a steam bath. 
In reaction 6., the acidic material could not be 
purified fUrther. The melting point was constant after four 
recrystallization from an alcohol-water mixture~ 
In reaction 7., one pure material in 21.6% yield was 
obtained after three recrystallization from an alcohol-
water mixture. 
The reported (176) melting '(I>Oint for trans 2,4,6.otr1-
methylc1nnamie acid is 177.6-178.0 (corr.) and for cis 
2,4,6-trimethylcinnamic acid 147.6-147.9 (oorr.). 
The low yield in reaction 2. is probably due to the 
instabilitJ" o:f 2,6=dichlorobe:nzaldehyde to the reaction 
conditions (p.~~). 
No reason was found i'or the low yield in reaction 5., 
although this same e!"i'ect was noted in the reaction of 
o-nitrobenzaldehyde with methylmalonic acid . ( p .17.r). 
4. Preparation !!~-methylcinnamie acids. 
Table XVII (p ·11!") lists the a( -methyloinnamic acids 
pre-pared in this research following the general directions 
Table XVI 
Reactions of ,sub,tituted benzaldeh:rdes with malonic 
~ :t'ol!Owing ' .Qf! ~~~en_e_r.-a.;..i d1ree~1ons\'ii'71t..,) o 
Benz- Mole Heat Melting Repto 
aldehyde ald. hrs. Point Yield 
-
1. p-Bromo OoOlOO 24 262.5= 70 
263.5 ( 84) {~ 
corr.) crude 
2. 2,6=Di- OoOlOO 30 3.5 3.6 193= 30 
ehloro 194 (173) 
3. 3,4-Di- 0.0200 45 5.2 9.2 181- 60 
4. 
methoxy 
3,4-Di-
181.5 (174) 
methoxy 0.800 46 180-
181 
5. o~Nitro 0.0100 12 03 5.8 238- 95 
239 (175) 
6-.- 2,4,6- 0.0100 22 9.6 54.2 100- 10-16 
trimethyl 131 (173) 
7 • . 2~4,6- 0.0100 83 84.3 21.6 176-
tri~ 178 
8. 
meth7l 
Opianic 0.0100 33 101 37 • .3 166-
Aeid 167 
*The numbers in parentheses refer to references (p.~Sl). 
Repto 
M.P. 
264~ 
265 
(84) 
196 
(173) 
181-
(174) 
240 ( 175) 
176 
(173) 
167 
(177) 
17.!' 
Table XVII 
Reactions or eubetituted benzaldehydee with methylmalonic 
acid .roliOwing the general directions -r?:"u~1 ) . 
~~ + ~~u.;ov),. PM·~tJE ~ ~CJI.::. c.~ PI~DIIJ£ I 
ll t.tf3 
Part I 
Benz- Me:> lee o.r Heat Meltimg 
aldehyde Aldehyde Acid Rrs. C0 2 % Yield Point 
-
1. o=Nitro 0.0150 0.0300 16 90.0 36.8 196- 196.5 
2. o- Nitro 0.0100 0.0200 52 97.7 25.6 193-195 
3. m=Nitro 0.0300 0.0300 6 9.5 62.0 200.5-202 
4. m- Nitro 0.0200 0.0400 9.5 .· 9.0 97.7 202-203 
5. p ~Nitro 0.023.3 0.0400 12 7.0 80.0 204 .5~206 .5 
6. p- Nitro 0.0200 0.0400 . 24 8.0 88.8 205-206.5 
7. o-Chloro 0.0200 0.0400 14 ' 7.0 86.0 108-110 
8. m- Chloro 0.0200 0.0400 36 3.8 98.5 106-107 
9. p-Ch1oro 0.0200 0.0400 24 8.0 95.8 166-167 
10. 2,4-Di= 0.0200 0.0400 24 8.5 74.5 146.5-147.5 
chloro 
11. 2,4=Di- 0.0100 0.0200 1 79.0 145.5-147° 
chloro days 
12. 2»4-Di= 0.0100 0.0200 15 76.8 14!L5-147° 
chloro 
13. 3,4-Di- 0.0200 0.0400 24 93.3 151-152 
chloro 
14. 2g6-Di= 0.0200 0.0400 11.5 87.9 26.8 153.5-155 
chloro 
15. 2,6 ~Di- 0.0100 0.0200 30 ' ,, 8.4 33.5 154.5-155.5 
chloro 
16. o- Meth- 0.0200 0.0400 30.5 1 .. 7 84.7 103-104 
oxy 
17. m~Meth- 0.0200 0.0400 42 ·.3.5 88.5 90.5-91.5 
18. 
oxy 
p-Meth- 0.0200 0.0400 26 6.4 78.2 154.5-155.5 
oxy 
48 8.5 153-154 19. p- Meth- 0.0100 0.0200 79.7 
oxy 
0.0400 7.5 122-125 20. 2g3-Di- 0.0200 10 99.2 
methoxy 
1.5 85.7 125-126 21. 2,3-Di- 0.0100 0.0200 6 
22. 
methoxy 
3,4-Di- 0.0200 0.0400 14 7.0 91 .. 4 140.5-141.5 
methoxy 
23. 3,4-Meth- 0.0300 0.0300 46 1.0 21.0 198.5-199 
ylene-
dioxy 
Table XVII Part II 
Prep. 
Analyt. 
Sample M.P. Analysis 
Reoryst. Analyt. Yield M.P. Cale. Found 
From Sample Rept ... Rept. Formula %c %H ~ %H ,_ 
- -
-
1. Alo.- 196- o,oHq04.N 58.0 4-4 58.1 4-4 Water 196.5 
3. 67.6 . 199.5-(171) 2o-CJ •. 5 ( 171) 
197.5 (7 5) 
6. Abs. 205.5- C10Hq 04N 58.0 4.4 58.1 4.6 Ale. 206.5 
7. Ether- 109.5- c10~ Oa.Cl 61.1 4.6 61.0 4.6 Ligroin 110.5 
8. 106 (7 5) 
9. Ale.- 166- CtO~ Oa, Cl 61.1 4.6 60.8 4.6 Water 167 
10. Ale .... 146.5 c10H8 o~ 01~ 51.5 3.5 51.4 3.5 Water 147.5 
13. Alo.- 151.5- c10H1 0~Cl~ 51.5 3.5 51.3 3.4 Water 152 
14. Ale.- 156=· C10H1o1 Cla_ 51.5 ·3 .5 51.8 3.4 Water 156.5 
16. 5~.1 104-( ) 105 (8) 
67 10,5-(68) 106 (68) 
17. Ale.- 91.5- 48 91- C H 0 68.7 6.3 68.7 6.3 
Water 92 (68) 92 ( 68 ) II I~ 3 
92-
93.5 (18) 
18. 51.7 154 (8) (75) 155-
72 157 (68) 
--(68) 
21. Ether- . 125 c,~H,~.,. 64.9 6.4 65.3 6.6 Ligroin 126 
22. Alo.- 142- 140- ( 77 )''-H,~04 64.9 6.4 64.9 6.4 Water 142.5 141 
232, 
144 (78) 
23. 64.8 200 (7p} '{'7 8) 
Table XVII Part I (continued) 
Benz- Moles ot' Heat 
aldeh1de Aldeh1de Acid !!!:!..:. ~ .Q.2 2 
-
24. 3,4-Meth- 0.0200 0.0400 31 94.6 · 
ylene-
25. 
dioxy 
108 o-Methyl 0.0100 0.0200 23 
26. m-Methyl 0.0100 0.0200 24 98 
27. p-Methy1 0.0200 0.0400 42 97.0 
28. p-Iso- 0.0200 0.0400 24 100 
29'. 
_propyl 
p-Dimeth- 0.0200 0.0400 24 94.5 
y1amino 
30. p=Dimeth- 0.0200 0.0400 38 96.9 
ylamino 
31. 2,4,6- 0.0100 0.0200 21 92.5 
trimethyl 
32. 2,4,6- 0.0100 0.0200 19 9<1J.7 
trimethyl-
3-, 5-dini tro 
33. Vannillin 0.0200 0.0400 330 A3.5 34. o-Hydroxy 0.0200 0.0200 5o 9.2 
9 da 
" 35. o~Hydroxy 0.0100 0.0200 13 1101 
36. m-Hydroxy 0.0200 0.0400 500 52.6 
6 day a 
37. m-Hydroxy 0.0100 0.0200 20 1103 
38. p-Hydroxy 0.0200 0.0400 rt 7 47.2 
days; 50° 9 day• 
39. p-Hydroxy 0.0100 0.0200 36 100 
40. p-Hydroxy 0.0100 0.0200 24 102 
41. p-Bromo 0.0100 O.OBOO 20 95.8 
42. 0.200 0.400 24 --
43. 0.0100 0.0200 27 93.0 
--CZI-.;11-.:1-=:11-~.:DQD-C::O 
_ _,c::Jo ______ QD-----
--=----
44. Furfural 0.0200 0.0400 20 95.8 
4$. 
·h- 0.0200 0.0400 30 88.8 ... , ,.-~ · ;: •• . _1' . '" 46. t;;.:&aJ, ·tn- 0.0100 0.0200 34 93.0 
aldehyde 
* A 3-methylcoumarin 
B~-methyl-o-hydr~cinn~ic acid 
%Yield 
78.8 
59.7 
:85.8 
68.2 
77-3 
21.9 
69.8 
0 
13.5 
34.1 
2.2A* 
68.0B* 
6~.6 4 .0 
59.0 
37.8 
5.62 
68.5 
96.4 
79.5 
95.8 
---=------
60.9 
58.6 
70.8 
11? 
Melting 
Point 
199-199.5 
98-99 
56-57 
162-165 
89-90 
203.5-204.5 
203-204 
295 
165-166 
88-90A 
134-134.5B 
134-134.5 
137.5-138.5 
138.5-139 
205-206 
205-206 
205-206 
174-175 
80.5-81 
79-80 
--------
114.5-115 
155.5-156 
155-156 
,,, 
Table XVII Part II (continued) 
Prep. 
Analyt. 
Sample K~P. Analysis 
Recryst. Analyt. Yield M.P. Calc. Found 
From SamEle Re:Et. ReEt· Fol'!mula %a %H %c %H 
25. Alco~ 99- C11 H1~o,_ 75.0 6.9 74.8 6.9 Water . 99.5 
26. Ale.- 56.5 Cu ~l o~ 75.0 6.9 75.1 7.0 Water 57.5 
27. Ale. - 168- 169- c11 H,a.o ~ 75.0 6.9 74.7 6.9 water 169 170 
Twice (80) 
28. 50 90-(8) 91 (8) 
29o Alco- 204- C,._ HI!O.\ N 70.2 7.4 ' 70.4 1.5 Water 204.5 
32o Sub lim- 2'"·5 C1?JH#l/ 01. N ~ 53.06 4.80 53.51 4.85 .. , ~ 
ed 180-
190(0.0lmm.) 
33. Ale.- 165.5 167- 1 C11 H1:..0, 63.4 5.8 63.4 5.9 Water 166.5 168 
(79) 
34o A90(172) 
B138(82) 
36. Water 138- CIOHI003 138.5 
67.4 5.7 ~7.5 5.7 
38. Ale.- 20$ c,oH,o03 67.4 5.7 67.6 5.1 Water 209 
41. Ale.- 174.5-
--
C10 1fct 0~ Br 49.8 3.8 49.6 3.8 Water 175.5 
44. 116(85) 
--45. Ale.~ 155.5- 0.5 151 I CI'IHI~ 0). 79.2 5.7 79.1 5.7 Water 156 (86) (86) 
_given ~n Section G •• Heat was supplied by a: steam bath unless 
otherwise noted. 
In reactions 29. and 30., the reaction mixture was 
acidified with glaaial acetic acid rather than concentrated 
hydrochloric acid. This is the maimer i:n which the work up 
of the reaction of malonic acid with p-dimethylaminoben-
aldehyde was performed (39). 
In reaction 34., a red precipitate was .form•d on acid-
ification of the reaction mixture. Part of this material 
was found to be insoluble in cold 5% sodium bicarbonate. 
Perkin (172) has reported that 3-methylcowna.rin is insoluble 
in cold alkali. It was thus possible to separate the alkali 
insoluble coumarin from the alkali aol~ble cinnamic acid. 
No acidic material was obtained in the reaction of 
mesitaldehyde with methylmalonic acid (reaction 31.). The 
ethereal solution containing any neutral materials from the 
reaction was evaporated to dryness on a steam bath. The 
residue was dissolved in eommePoial absolute alcohol and 
added to a solution of 0.0100 mole of 2,4-dinitrophenyl-
hydrazine (p.l~f). An immediate dark orange precipitate was 
formed. The solid was removed by suction filtration through 
I 
sintered glass and air dried. The yield of the 2,4-dinitro-
phenylhydrazone was 3.20 grams (97.7%) of material with 
melting point 230-234°. A small portion of the product was 
recrystallized twice from absolute alcohol giving a red 
crystalline solid with melting point 234-236° after pre-
liminary softening at 230°. An analysis or the 2,4-dinitro-
phenylh"Tdrazone of mesitaldehyde is given below: 
Calod. !"or C16K16N404: c, 58.5; H, 4.9 
Found: c, 58.4; H, 5.0 
The author can offer no satisfactory explanation for 
the inconsistent carbon dioxide evolutionl!l in reactions 10., 
11., and 12 •• 
The Tariance in yields !"or reactions 29. and 30., 
and reactions 39. and 40. is probably due to better workup 
in the later re•ctions. The cinnamie acid products in these 
cal!les are somewhat so~uble in water, and care must be taken 
to keep solvent amounts to a minimum during re·crystallization. 
lfO 
Ill 
5. Preparation or ~-ethylcinnamic acids o 
Table XVIII ( p. In ) 1;1sta the o\-ethylcinna~ic acids prepared 
in this research. 
In reaction 10., on allowing the acidiried reaction mixture 
to stand overnight, :Cine light yellow needles separated. Tm 
solid was removed by riltration with suction, washed with 
water, ~nd air dried. The recovery was 5.20 grams (99%) o:r 
material with melting point 147-148°. A melting point with 
authentic opianic acid (m. p. 147-1480) g~ve no depression 
(m. p. 147-147.5°). 
6. Preparation or«-allylcinnamic aciQs. 
Table XIX (p.Jt~ ) lists the ~-allylcinnamic acids pre-
pared in this research. 
~ 2,4-dinitrophenylhydrazone was prepared rrom the 
neutral rracti"on in react ian 4.. The yield or the 2 ,4-dini tro-
phenylhydrazone or p-isopropylbenzaldehyde was 4.93 grams 
(75.2%) of" material with melting point 232-233°. 'rhe yield 
or~-allyl-p-isopropylcinnamic acid corrected ror recovered 
p~isopropylbenzaldehyde is thus . 96~. 
1. Attempted preparation o:r~-isopro,ylcinnamic ~~· 
Table XX, given directly below, gives the pertinent 
inrormation concerning two attempted prep~ations or 
isopropylmalonic acid o 
Table XX 
:Benz- Moles or Heat 
aldehyde Aldehyde Acid Hrs, 1 QQ2 ~ Y1.e1d 
1. m-Nitro 0.0100 0.0200 17 93.0 0 
2. p-isoPropy1 0.0100 0.0200 21 96.3 0 
A 2,4-dinitrophenylhydrazone deriTatiave was prepared 
1. 
2. 
3. 
4. 5. 
6. 
7. 
8. 
9. 
1 o. 
1. 
2. 
3. 
4. 
6. 
7. 
8. 
Table XVIII 
. ··Re;§}[O.ns of substituted benzaldeh{des with ethylmalonie . 
ac . fol!Owlng the _5enerai d!rec 1ons--rp:'fb1) •. . ·· · 
Part I 
Benz- Moles of 
aldehyde Aldehyde Acid 
Heat Melting 
Hrs. ~ C02 ~Yield . Point 
- - -
r-
0.0200 0.0800 24 
, 
95.3 5.9.7 103-104 --
o-Methoxy 0.0200 0.0400 24 98.6 54.5 110-110.5 
p-Methoxy 0.0200 . 0.0400 36 99.7 42.5 131.5-133 
m-Nitro 0.0300 0.0300 19 , 97.5 43.7 137 • .5-140 
m-Nitro 0.0200 0.0400 48 ' 93.5 63.8 139-140 
p-Nitro 0.0200 0.0400 20 96.0 60.0 169-170 
p-Iso- 0.0200 0.0400 43 98.7 40.~ 126~126.5 
propyl 
95.8 . 130·130.5 3,4-Meth- 0.0300 0.0300 25 19.0 
ylenedioxy 
3,4-Meth- 0.0200 0.0400 48 90.3 29.5 130-131 
Opianio 0.0250 0.0250 6 91.8 0 
acid 
Table XVIII Part II 
Prep. 
Analyt. 
Sample M.P. Analysis 
· Recryst o Analyt. Yield M.P. Calc. · · · Found 
· 'From Sample Rept . Rept. .Formula %a %H ~ %a 
--
51.1 104 
--( 8) (8) 
80 104-(90) 105 (90) 
Ale.- 110- . c..,H,o3 69.9 6.8 70.1 6.9 Water 110.5 
Ale.- 132.5- ·1~3{8) . C~liwOl 69.9 6.8 69.7 6.8 Water . 133.5 
Ale.- 139- C11 H11 04 N 59. 1· 5.0 59.4 5.0 Water 140 
170 ' 
(178) 
123 
-- -
·.-
(8) 
Ale.- 131- C1~H1~0if. 65.4 5.5 65.3 5.5 ' Water 131.5 
Table XIX 
Reactions of" aubstitutecl benzal: eh d a with allylmalonic acid 
'l'Ollow{ng the 1 genera · :r.e i'OriS~fJ .J{Q? ) • 
Part I 
Benz- Moles or 
aldehyde Aldehyde Acid 
ijea~ Melting !!!:!.:. :£ C02 % Yield Point .
. , 
- - -
1. o-Methoxy 0.0200 0.0200 eo 87.8 46.0 113-114 
2. m-Nitro 0.0?00 0.0200 5.5 93.0 64.5 126-129 
3. m-Nitro 0.0~00 0.0400 25 97.5 66, 5 126-128 
4- p-I so- 0.0200 0.0200 24 98.6 23.9 82.-84 
propyl 
Table XXI 
Reactions or substituted benzaldehyde& ~ butylmalonic acid 
l'Ollowing the eieneral dtrectio,na · (p.jt.1 ) 
1. o-Methoxy 0.0100 
2. m-Nitro 0.0100 
3. p-Iso- 0.0100 
propyl 
Part I 
0.0200 23 
o.o2oo ·so 
0.0200 24 
Table XXII 
,9.6 
88.2 
94.4 
45,7 
52.1 
20.3 
91 • .5-92 
105.5-106.5 
82-83.5 
Reactions of" substituted benzaldehyde& with undecenylmalonic 
.!.£E following the ie~,eral dire'C'mns (p .,.., ) • · · 
1. o-Methoxy 0.0100 ' 0.0200 24 99.0 25.8 67-69 
2. m-Nitro 0.0100 0.0200 9 95.1 40.0 79-81 
3. m-Nitro 0.0100 0.0100 24 92.4 22.6 79-81 
4. p-Iao- 0.0100 0.0200 26.5 77.2 0 
--propyl 
113 
Table XIX Part II 
Prep. 
Analyt. 
Semple M.P. Analysis 
Recryst. Analyt. Calc. Found 
From Sample Formula ~ !.!! ~ 
-----· 
1~ Alo.-water 114.5-115 c,.Rt./ol 71.5 6.5 71.4 
2. Alo.-water 129.5-130 C-aHuO .. N 61.8 4.8 61.8 
4. Alc.-water 86.5-87 ClfH110~ 78.2 7.9 78.5 
Table XXI Part II 
1. Alc.-water 91.5-92 c..,H.t ol 70.8 7.7 71.1 
2. Alc.-water 107-10'8 C11H.~O.,_N 62.6 6.1 62.7 3. Alc.-water 83.5-84 c1c.~oa. 78.1 9.0 77.9 (twice) 
Table XXII Part II 
1. Alc.-water 69.5-70 C~H~o, 
2. Alc.-water 82.5-83.5 o ·N 
Table XXIII 
~ 
6.5 
4.8 
7.9 
7.7 
6.3 
9.0 
.9.2 
7.9. 
Reaction or benzaldehyde ~ veratraldehyde with h~droxy­
malonlc aCTd e,¥1J1grlng ~ mole of the · m:alonle aci pe'r !!!2.!! 
of aldehyoe at .. 0 • , ·· 
- ~-
.J. 
~ Q2.2 
Melting Re.pt. Rept. 
Aldehlde Yield Point Yield M.P. 
1. Benzaldehyde 0.0100 6.2 64 • .3 61.6 152- 55 150-
156 (182) 15~ (1 2) 
2. Veratralde- 0.0100 11 75.3 36.6 182- 69 187 
hyde 186 (18.3) (183) 
from the neutral fraction or reaction 1. in the usual manner 
(p./~r ). The yield was 3.25 grams (98.2%) or material with 
- - .. . 
melting point 280.5-282° (dee.). The reported (179) melting 
point or the 2,4-dinitrophenylhydrazone or m-nitrobenzalde-
hyde is 292-293° {dee.). 
-· ·--
From the neutral fraction of reaction 2., A 2,4-dinitro-
phenylhydrazone deriTatiTe was ~repared in the usual way 
(p./~l ). The yield of the 2,4-dinitrophenylhydrazone of 
p-isopropylbenzaldehyde with melting point 231-233° was 
3.20 grams (97.6%). The reported (180) melting point is 
241° 0 
8. Preparation £!~-butyleinnamic acids. 
The preparation o!' three d\-butylci~amia acids are 
given in Table XXI (p. I~) , 
9. Preparation 2!~-undecenylcinnamic acids. 
. I 
Table XXII (p. liS ) lists the ~reparations of two 
~ -undecenylcinnamic acids o 
No acidic product was obtained with p-isopropylbenzalde-
hyde (reaction 4. Table XXII). A 2,4-dinitrophenylhydrazone 
was prepared from the neutral fraction. The yield or the 
2,4-dinitrophenylhydrazone or p-isopropylbenzaldehyde was 
3o30 grams (100o4%) or material with melting point 232-233°. 
10. Atte~pted preparation !!~-pnenylcinnamic acids. 
A mixture or 5o40 grams (0.0300 mole) or phenylmalonic 
acid, 3.05 ml. (0.0300 mole) or benzaldehyde, 25 ml. or 
pyridine and 3o45 ml. (0.0300 mole) or piperidine was placed 
in the usual apparatuso The mixture was allowed to stand at 
IRS 
room temperature ~or one day. The carbon di~x~de evolution 
was 91.5~ of theoretical. On working up the reaction mixture 
in the u.sual manner, 3.60 grams (88.2%) of acidic material 
with melting point 75.5-76° was obtained. A mixed melting 
point of this acid with authentic phenylacetic acid (m. p. 
76-77°) showed no depression (m. p. 75.5-77°). The reported 
(111) melting point of phenylacetic acid is 78°. 
11. P~eparati.on of ~-hydroxyeinnamic acids 
(phenylpyruvic acids). 
; ' 
Table XXIII (p.lt~ ) gives the ~uccessful preparations 
of two \l)henylpyruTic acids. An attempted preparatio~, at 
steam bath temperature, is described Qelow. 
A mixture of 1.06 grams (0.0100 mole) of benzaldehyde, 
2.40 grams (0.0200 mole) o~ tartronic acid, 1.97 ml. (0.0200 
mole) of piperidine, and 25 ml. of pyridine was placed in 
the usual apparatus. The reaction mixture was heated on a 
steam bath for twenty~six hours. The carbon dioxide evolu-
tion was 101% of theoretical. The reqdish-orange reaction 
mixture was added to a mixture of 30 ml. of concentrated 
hydrochloric acid and 150 grams of ice. The resultant cloudy 
yellow solution had a strong sweet odor resembling phenyl-
aeetaldehydeo The acidic solution was extracted with two 
100 ml. portions of ether, the ether extract was extracted 
with two 50 ml. portions of 5% sodium bicarbonate, and the 
bicarbonate extract acidified with 10% hydrochloric acid. No 
solid was obtained. The ethereal solution col'ltaining neutral 
materials was evaporated to dryness and a 2,4~dinitrophenyl-
hydraz~ne derivative prepared in the usual manner (p./Qr ). 
The orange precipitate which formed (1.05 grams) had a 
melting point or 65-140°. Four crystallizations from an 
alcohol-water mixture brought the melting point to 90-1170. 
Apparently a mixture or neutral carbonrl cQmpounds was 
present in the ether extract. 
It was desired to check the stability of phenylpyruvi~ 
acid under the reaction conditions. Since no phenylpyruvic 
acid was available, it was thought that pyruvic acid might 
be a usefUl substitute. 
A mixture or 1.76 grams (0.0200 mole) or pyruvic acid 
(Eastman Kodak "Practical", distilled by J. Mickles; 
neutralization equivalent found: 88.8; calculated: 88.1), 
1.97 ml. (0.0200 mole) of piperidine, and 12.5 ml. of pyridine 
was placed in the usual apparatus. The orange mixture was 
heated on a steam bath for eighteen hours. The solution 
rapidly became dark browmo The carbon dioxide evolution was 
55.5% of theoretical. Pyruvic acid is not stabile under 
the reaction conditions, apparently giving carbon dioxide 
and acetaldehyde (which probable polymerizes). 
12. Reaction or aliphatic ·: aldehyde ~ methyl-
malonic acid. 
-
a. Attempted reaction of acetaldehyde with 
methylmalonic acid. 
'-, .. .--.-
Three attempts were made to condense ~cetaldehyde with 
methylmalonic acid. In the first attempt, equal molar 
amounts of acetaldehyde, methylmalonio acid, and piperidine, 
in pyridine were allowed to stand at 0° for one hour, room 
temperature ~or t wo hours; and a t steam bath temperature 
for two hours. Evolution of carbon dioxide was extremely 
slow at all t hree temperatures. The dark brown reaction 
mixture was then refluxed on a heating mantle for twenty 
hours. A major portion (91.3%) of the carbon dioxide 
expec ted was exolvedg but no acidic product was obtained on 
working up t he r eaction mixtureo 
In the s e cond attempt~ no piperidine was us edo There 
was l es s darkening of t he solution in this case, but it 
was again necessary t o reflux t he reaction mixture (carbon 
dioxide evolut ion 93o 7%)o No acidic product was obtained. 
For t he t hird run, the usual apparat us was adapted to 
allow the inclusion or a droppping :funnelo A pyridine (five 
ml.)=acetal dehyde (0.0200 mol e) s olut ion wa8 added drop~ 
wise over a period of one and one halr hour to the methyl-
malonic ac id {Oo0400 mole)g pyridine (20 ml.) piperidine 
(0.0400 mole ) s olut ion heat ed on a steam batho As the 
ace~e.ldehyde was added, the 8olution became very dark. The 
mixture was heat ed on a steam bath for twenty-two hourso 
The carbon dioxi de evoltuion ~as 91.0% of theoretical. No 
acidic product was obtained. 
b. Attempted reaction ~ 1sobut,raldehyd~ 
~ methylmalonio ~· 
In a 250 ml., three necked, standard taper <24/40) 
flask fi tt ed with a condenser topped by a drying tube, a 
precision bore mot or driven stirrer, and a separatory 
funnel fit t ed wi t h a pressure equalizer and topped by a 
nitrogen i n l et 9 was pl aced 50 ml. of pyridine g 14 ol6 grams 
( Ool200 mol e ) of met hyl mal onic ac id and Oo98 ml . (0.0100 
mol e ) of p i peridine o 
The f l ask was war med on a !Iteam bat hl' and a !lolu tion of 
5. 76 gr ams ( 0.0600 mol e ) of isobutyral dehyde in 50 ml. of 
pyrid i ne added dropwise over a per iod of one and one ~hal~ 
h ours wi t h s t irring . The light amber s olution was heat ed 
f or an add i t ional t wenty hours af t er t he addi t ion was c ompleteo 
At t he c onc l usion of t he h eat i ng period s no car bon dioxi de 
evolut ion was det ectedo The exit gases d i d not give a 
pr e c i p i t''a t e when bubbled t hrough a barium hydr oxi de solut ion. 
The s olution was cool ed and added to a mi x t ure of' 125 mlo of 
concentra t ed hydr ochlor i c acid and 200 gr ams of i ce. The 
r esul t ant sl i gh t ly cl oudy yellow s olut i on with t he odor of 
isobutyral dehyde was ext racted with four 75 ml . port i ons of 
e t her !' the light yellow e t hereal s olut ion extract ed wi t h 
t hree 50 mlo por t i ons of' 5% sodi um hydr oxi de 9 and t he alkaline 
sol u t ion ac i d i f ied with a mi xture of 50 ml . of c oncent rat ed 
hydr ochloric ac i d and 100 gr ams of' i c e o The cloudy ac id ic 
s olution was ext r acted wit h t hree 75 mlo portions of e t hers 
t he very light yellow e ther eal solution was dr i ed over 
anhydr ous s od i um sulfat e f or two hoursi t he drying agent 
removed by gr avity f'iltration g and t he e t her removed by 
dis t i llation on a steam bat ho 
The r esidue wa dist i lled a t a t mospher ic pressure, with 
the wat er- white portion wi th boiling point 140~141° being 
col lect ed. This m~terial h ad an od or strongly r e s embling 
I~ 
propionic acido An infra=red speet~um of the material was 
identical wit h t hat of an authentic sample of propionic 
acido The reported (184 ) boiling point of propioni c ac id 
il! 140.9° 0 
A 2p4=dinitrophenylhydrazone derivative was prepared 
from t he ethereal solution containing neutral materials by 
adding one=e i ghth of the ethereal solution t o a 2,4-dinitro-
phenylhydrazine solution (po lti )~ all owing the mixture to 
stand for one hour, removing the e t her on a eteam bath9 and 
cooling o The yield wa~ Oo92 gr ams (36o5~) of a yellow solid 
wi th melting point 179=180o5°o The reported (185) melting 
point of the 2 9 4=dinit r ophenylhydrazone of isobutyradehyde 
is 187o. 
In a second runp a mixt ure of 4. 72 grams (0.0400 mol e) 
of met hylmalonic acid, 2o88 grame (O o0400 mole) of isobutyr= 
aldehyde, 3o94 mlo (Oo0400 mole) of piperidine and 50 mlo 
of pyridine was pl aced i n t he usual apparat us. The light 
yellow solution was heat ed at 50°!2° in a wat er bath for 
one weekp and on a s t eam bath for twenty=six hourso The 
carbon dioxide evolution was 99% of theoretical. The sulfuric 
acid in the trap preceeding the absorption bulb became 
dark brown, indicating the poesibllity of loss of isobutyr-
aldehydeo The reaction mi xture was worked up as described 
aboveo The only acidic material obtained was propionic acido 
,· 
In a t h ird run 9 t he apparatus consisted of a 100 mlo, 
standard t aper (24/40 ) 9 round bottom flask fitted with a dry~ 
ice~ac e tone condenser and a side arm. A nitrogen inlet tube 
was inserted in the side armo The tube extended to the 
bottom of the ~lask. From the top or the condenser 9 exit 
gases were led t o a safety rlask» ~ollowed by two sulruric 
acid trapsg and ~inally to an absorption bulb. 
A mixture of 4.72 grams (0.0400 mole) o~ methylmalonic 
acidll 2.88 grams (0.0400 mole) or isobutyraldehyde9 3o94 !nl· 
or piperidine ( 0 . 0400 mole) 9 50 ml. or pyridine, and 14 grams 
of pulverized Drierite was placed in the rlask. The mixture 
was heated on a steam bath ror sixteen hours. The carbon 
dioxide evolution was 96o6% or theoretical. There was no 
noticable color change in the sulruric acid traps. The 
reaction mixture was cooleds riltered with suction through 
a sintered glass fUnnels and the drying agent washed with 
two t en mlo port ions or pyridine. The reaction mixture was 
worked up as described above. No acidic product was obtained. 
A 2g4=dinitrophenylhydrazone derivative was prepared 
as described in t he ~irst run. From one=fourth o~ the ethereal 
extrac ts 2.12 grams (87.7%) of material with melting point 
178=179.5° was obtained. 
In a blank run.11 following the procedure used in t he 
first runs 2.44 gr ams (100.8%) or the 2.94=dinitrophenyl= 
hydraz~ne of isobutyraldehyde with melting point 178.5= 
179.5° was obtained from a solution or 0.74 grams (0.0100 
mole) or isobutyraldehyde and 25 ml. of ether. 
1~1 
Co Reaction or heptaldehyde ~ methylmalonic ~~­
A mixture or 2.28 grams (0.0200 mole) or n-heptaldehyde, 
4.72 grams {0.0400 mole) or methylmalonie acid, 3.94 ml. 
(0.0400 mole) or piperidine, and 25 ml. or pJridine was 
placed in the usual apparatus. The mixture was allowed to 
stand at room temperature ror sixteen hours, and then heated 
on a steam bath for two dayso The amount or carbon dioxide 
evolved was 76o5% or t heore tic alo On addition of t he 
reaction mixture t o 50 mlo or concent rated hydrochloric acid 
and 100 grams of ice 9 a brown oil separatedo The ac idic 
solution was extracted with t wo 100 mlo port i ons of ether.~~ 
and t he ether extract extrac t ed wit h 100 mlo of 5% sodium 
hydroxideo The alkaline solution was acidified to pH 1 
(pHydrion paper) with c oncentrat ed hydrochloric acid 9 and 
then extracted with t wo 100 mlo portions or ethero The 
ether ext rac t was dried over anhydrous sodium sulfate for 
two days, t he drying agent removed by filtration wi th suction 
and the ether r emoved by distillation on a steam bath o 
The residual brown oi l was distilled using a one piece 
distilling unit containing a. seTen mlo pot and a t hree em. 
Vigreux c olumno An el ectrically heat ed oil bat h was used 
as source or heat 9 and a nHi~vacu pump was used after pre= 
liminary removal or solvent a t aspirator pressure. The water= 
white liquid with boiling point 125=1280 ( 2 mm. ) with the 
oil bath at 140=156° was collec t edo Th~ yield was Oo95 
grams (27.9%) of mat erial with a refractive inde~ lo4S79o 
The material was assumed t o be the expected product ~ 
Analo Calcdo for C1Ji1t0a g 0 9 70o 5~ H, 10.7 
Found: c.~~ 70o2Z H, 10o8 
A 2.,4=din_itrophenylhydrazone d~rivatiTe was prepared 
~rom t he ethereal extract containing neutral materials in 
the usual mannero The compound obtained ( 2.18 grams ) 
had a mel ting ·point o~ 122~124°0 This corresponds t o the 
reported (186 ) melting point o~ 128° ror the 2.,4-dinitro-
phenylhydrazone or heptylidene heptal~ 
~rom absolut e alc ohol t o g ive mat erial with melting point 
126=126o5°. 
Analo Calcd. ~or C~~*O~g C., 61.5~ H, 1a1 
Foundg C9 61.8~ H., 7o9 
Thus., 55o8~ o~ t he original heptaldehyde was accounted 
~or as t he 2.,4=d initrophenylhydrazone o~ heptylidene heptal. 
In a second run 9 the appar a tus consisted of a 200 mlo 9 
three ne cked., standard t aper ( 24/40 ) 9 round bottom flask 
~itted wi t h a motor driven 11Tru=boren stirrer., a Friedrich 
condenser topped by a calcium chloride drying tube ., and a 
50 mlo dropping funnel with a pressure equalizer aide armo 
One hundred mlo of pyridine 9 18.88 grams (Ool600 mole) 
o~ methylmalonic acid S> and 15.7 ml. o~ piperidine (0.1600 
mole) were placed in t he ~lask. The mixture was warmed on 
a steam bath 1 and 9 .12 grams (0.0800 mole) o~ heptaldehyde 
added at the rate of six drops an hour wi t h stirring and heat . 
The add ition took one day. The solut i on w s heated for 
six hours after completion of the addi t ion 9 and then worked 
up as in the first rano The yield of ac id was la87 grams 
(13 o7 %) of material with boiling point 132=1330 (3 mm. ) with 
t he oil bath at 150=160°. The refractive index found was 
~ ~lo4582. The amount of heptaldehyde accounted for as the 
2 9 4 =dinitrophenylhydrazone of hept ylidene hept al (wit h 
a mel ting point of 125=126°) was 40.7%. 
In a third run 9 a mixture of 2 .28 gr ams (0 .0200 mole ) 
of hept a l dehyde 9 4. 72 grams (o.o4oo mol e ) of methylmalon ic 
acid 9 25 ml. of pyridine 9 and four drops of piperidine were 
placed in the usual apparatus . The mixture was heated on 
a steam bath for seven hours. The c arbon dioxide evolution 
was 98% of t heoretical. The reaction mixture was worked up 
as in t he fir s t run. The• yield of acid was 1.15 grams ( 34.8%) 
of material with boiling point 122=122. 50 (1.0 mm.) and 
refractive index n1£ ~1.4598. The yield of t he 2 9 4 =dinit ro= 
phenylhydrazone of hep·tylidene hept al was 1.43 grams ( 36. 6%) 
of material wi t h melting poi nt 125=126.50. 
In the four t h run 9 a mixt ure of 22.8 grams (0.200 mole ) 
of n=heptaldehyde 9 47.2 grams (0.400 mole) of methylmalonic 
acid 9 100 ml. of pyridine~ and five dr ops of piperidine was 
placed in a 250 ml. 9 standard taper ( 24/40)g round bottom 
flask fitted with a condenser topped by a calcium chloride 
drying tube o The mixt ure was heated on a steam bath for one 
day. The reaction mixture was worked up as described aboTe. 
The yield of ac id was 6. 72 grams ( 22.3%) of mat erial with 
boiling point 103=105° (Oo5=0o6 mmo) and refractive index 
~S" . 
n t> 1!11 o4601 0 
The ethereal solution containing neutral materials 
was dried over~rierit~'for three dayag the drying agent 
removed by filtration with suction through a sintered glass 
funnel 9 and the ether removed by flash distillationo The 
yellow residue was distilled through a ten omo Vigreux 
column with the water=white portion with boiling point 
116=117° (2o2 mmo) with the pot at 160° being collected·. 
The yield was 6 o45 grams .( 30 o 7%) of material with refractive 
~Q index nb elo4598o The reported (186) constants for 
heptylidene heptal are boiling point 146=148° (15 mmo) and 
tO 
refractive n~ ~lo4600o 
In a fifth run 1 a mixture of 4.56 grams (Oo0400 mole) 
of heptaldehyde 9 4o72 grams (Oo0400 mole) of methylmalonic 
acid 9 and 25 mlo of pyridine were placed in the usual apparatuso 
The solution was heated on a steam bath for twenty hours. The 
eyolution of carbon dioxide was 97% of theoretioalo The 
reaction mixture was worked as described aboveo No acidic 
product was obtainedo A 2 g4=dinitrophenylhydrazone was 
p~epared from the ethereal soluti?n containing neutral 
materials (pol~)o The yield of a yellow crystalline material 
of melting point 106=107 o5° was 10o62 grams (90o5%)o The 
report ed {187) melting point of the 2,4~dinitroph~nylhydra= 
zone derivative of heptaldehyde is 107° 0 
In a sixth run 9 t he apparatus used was the same as 
described in the second run ( pol<)~ )o A mixture of 75 mlo 
o:f pyridine, 18 o88 grams ( 0 ol600 mole) o:f methylmalonic aci,d 
and 0.98 ml. (0.0100 mole) o:f piperidine were placed in the 
:flask. The mixture was warmed on a steam bath, and a - ~olu-
tion of 9.12 grams (0.0800 mole) o:f heptaldehyde in 50 ml. 
o:f pyridine added dropwise with stirring over a period of 
two and one-half hours. The yellow solution was heated an 
additional twenty hours. The reaction mixture wa~ worked 
up as described above, yielding 6.42 grams (47.4%) of acid 
with boiling point 148~149° (1 mm.) a:fter two distillations 
through a ten em. Vigreux columno The re:fractive index 
~ 
:found was nD :l o4620. 
Analo Calcd. for C"H,a.O;t~ C, ?0.5~ H, 10o7 
Found~ C9 70o6; H, 10.7 
The yield o:f the 2,4-dinitrophenylhydrazone o:f heptylidene 
heptal was 31.8% o:f material with melting point 124o5-
l260 . 
d. Attempted reaction· . .2! heptylidene heptal 
with methylmalonic acid. 
A mixture of 4 .20 grams (0.0200 mole) of heptrlidene 
heptal, 4.72 grams (0.0400 mole) of methylmalonic acid, 
3.94 mlo (0.0400 mole) o:f piperidine, and 25 ml. of pyridine 
was placed in the usual apparatus. After heating on a steam 
bath for twenty-one hours, the carbon dioxide evolution was 
100% of theoreticalo The reaction mixture was worked up as 
described in Section e. (p.J9~ ) • An acidic material was 
obtained {Oo65 gram) with boiling point 150° {0.02 mm.) in 
a creased test tubeo ac The re:fraotive index found was n 0 : 
1.4638 . The acidic material gave the following analysis: 
Anal : Found~ c, 71 .6; H, 10.8. 
No further work was performed with this material. 
The yield of the 2,4-dinitrophenylhydrazone of heptyl-
idene heptal was 5.80 grams (74.4%) of material with melting 
point 124.5-126°. 
e. Attempted reaction£! citral ~methyl-
malonic !2!£o 
A mixture of 3G04 grams (0.0200 mole) of citral, 4.72 
grams (0.0400 mole) or methylma1onic acid, 3.94 ml. of 
piperidine, and 25 ml. of pyridine in the usual apparatus 
was heated on a steam bath !."or nineteen hours. The carbon 
dioxide evolution was 100.5% or theoretical. The reaction 
mixture beo·ame very dark when heated. On aeidif."ication 
with ooncentr ted hydrochloric acid a brown, viscous ether 
insoluble, tar was formed. 
In a second run, the quantities used were the same as 
above, except four drops of piperid ine was used inste d of 
a molar amount. After twenty hours on a steam bath, 92.8~ 
of the theoretical amount of carbon dioxide was evolved. 
No acidic product was obtained from the dark brown reaction 
mi.xtur • 
t. R action ~ oinnamaldthzde ~ methtl• 
malonic aoid. 
__,..... 
Two hundreths of a mole (2.64 grams) of cinnamaldehyde, 
4.72 grams (0.0400 mole) of methylmalonio acid, four drops 
' 
of piperidine, and 25 ml. of pyridine were placed in a 
50 ml. round bottom flask fitted with a we.ter-eooled condenser 
topped by e. drying tube. 'L'he mixture was heated on e. steam 
bath for twelve hours, the resul ta.nt amber solution 3 9 7 
r D · i eooled and added tQ e. mixture of 20 ml. of conoent-
rated hydrochloric acid and 200 grams of ice. The yellow 
VA-f. 
flocculent precipitate which formed~colle~ted by filtration 
with suction on paper, washed with .water, and recrystallized 
twice .from 10% alcohol. The yield of light yellow powder 
with melting point 150-154° was 3.04 grams (80.8%). The 
material was decolorized with charcoal, and recrystallized 
.from an alcohol-water mixture to give 2.84 grams (75.5%) 
o.f product with melting point 156-157.5°. The reported 
(8) melting point of "cin:rua.menylcrotonic acid" 
is 157-158°. 
I. Attempted Reactions Of Ketones With Methyl-
malonic Acid. 
1. Attempted reaction of benzophenone with 
~ethylmalonic ~· 
A mtxture of 3.64 grams (0.200 mole) of benzophene 
(Eastman Kodak 11White Label" product recrystallized twice 
from ligroin; melting point 47.5-48.7°; re~orted (189) 
melting point 48-48.5°), 4.72 grams (0.0400 mole) of 
~ethylmalonic acid, 3.94 ml. (0.0400 mole) of piperidine, 
and 25 ml. of pyridine was placed in the usual apparatus. 
The reaction mixture was heated on a steam bath for twenty 
hours. The amount of carbon dioxide evolved was 90.2% 
of theoretical. Working up in the usual manner gave no 
acidic product. 
A __ 2 ,4-dini trophenylhydrazone was prepared from the 
ethereal solution containing the neutral fraction. The 
yield of orange solid with melting point 232-233° was 6.96 
grams (96.4~). The reported (190) melting point of the 
2,4-dinitrophenylhydrazone of benzophenone is 231°. 
2. Attempted reaction o~clohex•none ~ 
methylmalonic acid. 
' . ' ' .. __,._,_ 
The reaction was run as in the case of benzophenone, 
employing 1.96 grams (0.0200 mole) of cyclohexanone 
(EastmalJ. Kodak "White Label" material used directly). No 
acidic product was obtained. The yield of the 2,4-dinitro-
l?heny~~dra~c.me of'" cyc~ohexancne: vas _5.~&- vam~~-(~0~.5%) 
of material with melting point 160-161° 0 The reported (179) 
meltinapoint is 1620. 
J. Reaction Of Acetoacetic Acid With ~-Nitrobenzaldehyde. 
QCMO + CII:~C.O~ 
IJtJa.. 
A mixture of approximately 
rapidly weighed) of acetoacetic acid, 3.02 grams (0.0200 
mole) of m-nitrobenzaldehyde, 1.97 ml. (0.0200 mole) of 
piperidine, and 25 ml. of pyridine was placed in the usual 
apparatus. The mix~ure was allowed to stand at room 
temperature for four days. The amount of carbon dioxide 
evolved was 104% of theoretical. The reaction mixture was 
added to a mixture of 50 ml. of concentrated hydrochloric 
acid and 100 grams of ice and cooled in a refrigerator 
overnight. The precipitated solid was removed by filtration 
_and recrystallized from glacial acetic acid. The yield 
was 0.84 grams of material with melting point 97-98°. 
Concentration of the mother liquor gave an additional 1.11 
grams or solid with melting point~ 95.5-97.5°. The total 
yield was 1.95 grams (51.1%). The reported (191) melting 
point of m-nitrobenzalaoetone is 94-95°. 
Twenty-five ml. of pyridine, 3.02 grams (0.0200 mole) 
of. m-nitrobenzaldehyde, 1.16 grams (0.0200 mole) of acetone 
(Merck Reagent Grade used directly), and 3.94 ml. (0.0400 
mole) of piperidine were place in a stoppered 50 ml. 
Erlenmeyer flask and allowed to stand at room temperature 
f''or four days. The only material obtained from the reaction 
was m-nitrobenzaldehyde. The r~covery of m-nitrobenzaldehyde 
was 2.45 grams (81.0%) of material with melting point 57~58°. 
In a 5o ml. glass stoppered Erlenmeyer flask was placed 
3.02 grams (0.0200 mole) of m-nitrobenzaldehyde, 1.16 grams 
(0.0200 mole) of acetone (Baker's "Analysed" used directly), 
1.97 ml. of piperidine (0.0200 mole), 1.20 grams (0.0200 mole) 
of acetic acid (Baker's "Analysed" used directly) and 25 ml. 
of pyridine. The solution was allowed to stand at room 
temperature for four days. The reaction mixture was added 
to a mixture of 50 ml. of concentrated hydrochloric aeid and 
100 grams of ice. The yellow precipitate was removed by 
filtration with suction and recrystallized from an alcohol-
water mixture. The yield of m-nitrobenzalaeetone was 2.5 
grams (66%) of material with melting point 96.5-97.5°. 
~01 
K. Reactions Of Ethyl Hydrogen Aoetemidomalonete With 
Aromatic Aldehydes. 
1. Reaction of ~-nitrobenzaldehyde with ethyl 
hydrogen acetamidomalonate. 
In a 50 ml. round bottom flask in the usual apparatus 
was placed 3.02 grams (0.0200 mole) of m-nitrobenzaldehyde, 
3.78 grams {0.0200 mole) of ethyl hydrogen acetamidomalonate, 
1.97 ml. (0.0200 mole) of piperidine, and 25 ml. of pyridine. 
The reaction was allowed to stand at room temperature for 
eighteen days. The carbon dioxide evolution wes 84% of 
theoretical. The amber reaction mixture was added to a mixture 
of 26.4 ml. of concentrated hydrochloric acid and 100 grams 
of ice. The light brown oil which separated solidified on 
standing overnight. The solid was removed by suction 
filtration and recrystallized from an alcohol-water mixture. 
At this stage, there was 1.59 grams of light yellow solid 
with melting point 135-140°. The material was recrystallized 
three times from alcohol-water to give glistening slightly 
yellow needles with melting point 141-143°. The product 
from the last crystallization was dried overnight in a 
drying pistol (refluxing acetone~lmm. pressure). 
Anal: Found: C, 52.6; H, 5.4 
( 8) 
Requires: C, 56.1J H, 5.1 
(b) Requires: C, 52.7; H, 5.4 
The yield assuming (b) as correct is 26.9~ or material with 
melting point 135-140°. 
In a secondtun, the quantities were the same except 
that 1.51 grams (0.0100 mole) or m-nitrobenzaldehyde was 
used. The reaction time was seven days and sixteen hours 
(room temperature). The carbon dioxide evoluti0n was 77.5% 
of theoretical. The reaction was worked up as above. After 
three recrystallizations from alcohol-water, 0.61 grams (20~5%) 
0 or material with melting point 138-141 was obtained. 
2. Attempted reaction or piperonal with ethyl 
hydrogen e.cetamidomalonate. 
In a 50 ml. rlask in the usual apparatus was placed 
3.02 grams (0.0200 mole) or piperonal, 3.78 grams (0.0200 mole) 
of ethyl hydrogen acetamidomalonate, 0.99 ml. (0.0100 mole) 
or piperidine, and 25 ml. of pyridine. The mixture was 
heated in an electrically heated water bath e.t 50°z2o for 
twenty-four hours. The carbon dioxide evolution was 81-
of theoretical. The reaction mixture was added to a 
mixture of 26.4 ml. or concentrated hydrochloric acid and 
100 grams of ice. The light yellow precipitate which 
formed was removed by riltration with suction, washed with 
water, and air dried. The recovery or piperonal was 2.93 
grams (97~) of material with melting point 33.5-34.5°. 
A mixed melting point with authentic piperonal (3~~37°) 
showed no depression (33.5-35°). 
3. Attempted ~action 2f veratraldehyde with ethyl 
hydrogen acetamidomalonate. 
A mixture or 3.34 grams (0.0200 m0le) of· veratraldehyde, 
3.78 grams (0~0200 mole) o£ ethyl hydrogen acetamidomalonate, 
1.97 ml. or piperidine (0.0200 mole), and 25 ml. er pyridine 
was placed in the usual apparatus. The mixture was heated 
in an electrically heated oil bath at 50°±2° for twenty-six 
hours. The carbon dioxide evolution was 79.5~ of theoret-
ical. The reaction mixture was added to a mixture of 26.4 ml. 
of concentrated hydrochloric acid and 100 grams of ice. The 
acidic solution was extracted with ether, and a 2,4-dinitro-
phenylhydrazone prepared (p.f~) from the ether extract. 
The yield of the 2,4-dinitrophenylhydrazone of veratralde-
hyde was 6.91 grams (99.7~) of material with melting point 
260-261°. The reported (180) melting point is 264°. 
L. N~ture Of Produets. 
1. Geomet~y ~ the oinnamie acids. 
a. Preparation of £!!~-methylcinnamic acid. 
A solution of 12 grams {0.0741 mole) of trans o<-methyl-
cinnamic acid in 200 ml. or benzene was placed in a 500 ml. 
Vycor fl~sk fitted with a condenser. A 250 watt Westinghouse 
sun lamp was placed about two inches from the bottom or the 
flask. The flask was irradiat~for two days. The heat from 
the lamp caused the benzene to reflux. The light yellow 
solution was added to 300 ml. or petroleum ether {30-75°), 
the solution placed in a wide dish, and the solvent allowed 
to evaporate at room temperature. After three days, the 
solvent had evaporated, but the residual solid did not corres-
pond to that reported (89). There was no clean separation 
of different crystalline types. The solid was recrystallized 
from an alcohol-water mixture, yielding 6.44 grams of trans 
0\-methylcinnamic acid or melting point 79.5-80.5°. This 
IN~ 
material gave a negative w· test, i.e., a very light 
yellow solution was formed with concentrated sulfuric acid. 
The mother liquor was concentrated on a hot plate, and 
afforded 1.78 grams of material with melting point 48-54°. 
This material gave a deep blue-violet color with concentrated 
sulfuric ~oid, a post tive Jo/tfJcW~ test. The solid was dis-
solved in petroleum ether, placed in a watch glass, and the 
solution allowed to evaporate at room temperature. Two 
distinct rings of solid appeared after evaporation. The 
rosette like needles which came out of s·blution last were 
separated rrom the ring of white ill derined oryst~lline 
matter. The rosette like needles (0.45 grams) were pl~ced 
in a solution or 45 ml. or petroleum ether ~nd rive ml. of 
benzene. A sm~ll amount (about 50 crystals) of transparent 
crystalline (needles) material did not dissolve at room 
temperature. The solid was removed by filtration with suction 
and air dried. The yield was 2.3 milligrams of material 
with melting point 91-91.5°. The reported (89) melting 
point or cis ~-methylcinnamic acid is 91-92°. An ultra-
violet absorption spectra (in 95~ alcohol) or cis~ -methyl-
cinnamie acid showed a maximum at 255 millimicrons (Extinc-
t ion~ 17,260) ( p. It~ ) . 
b. Prep~ration of "cis" and trans o'.-methyl-
3,~-dimethoxylcinnamic ~· 
It is reported (77) that when veratraldehyde is subjected 
to the rollowing transformation: 
~ c~l ~ <!.~ o&bw-toaet ~cr-11-<("-tOJ:t% ~) ~+ ~~·~-eootl-~~ -e"" a. cf~ ow CAI.3 ) K~ > ~~ ~3 
Two isomeric acids are obtained, the higher melting or which 
is "presumably" the trans acid. 
In a 250 ml. stand~rd taper (24/40) flask ritted with 
~ Friedrich condenser topped by a drying tube w~s placed 
20.75 grams (0.1250 mole) or veratraldehyde, 22.75 gr~ms 
(0.1250 mole) or ethyl ~-bromopropion~te (E~stm~n Kodak 
"White Label" dried over 11Drierite" and used directly), 75 ml. 
of benzene {dried over sodium wire), and 8.75 grams (0.134 
mole) of zinc (Baker C. P.-granular 20 mesh). The mixture 
was refluxed on a steam bath for two hourso After refluxing 
fifteen minutes the solution became cloudy and yellow. The 
solution was cooled in an ice-water bath, decanted from the 
zinc, washed with 100 mlo of 10% sulfuric acid, and dried 
,, , 
over Drierite overnight. The drying agent was removed by 
gravity filtration through paper, the yellow sqlution con-
centrated to one-half its volume on a steam bath, cooled 
in an ice-water bath, and ten ml. of phosphorus oxychloride 
(Merck-used directly) addedo The red solution was refluxed 
on a steam bath for one hour. The resulting dark purple 
solution was added to 200 grams of an ice=water mixtureo 
Two hundred ml. of benzene was added to the dark brown aqueous 
solution, the benzene and aqueous layers separated, and the 
benzene layer washed with 200 mlo of water and 100 ml. of 
5% sodium hydroxide. The benzene was removed from the solution 
on a steam bath and the dark brown residual oil added to a 
solution of 11.5 grams (Oo205 moles) of potassium hydroxide, 
ten ml. of water, and 200 ml. of methanol. The dark brown 
solution was refluxed for two and one-half hours, the 
methano~removed on a steam bath, the dark brown ~idue cooled, 
and then extracted with two 200 ml. portions of ether. The 
alkaline solution was then acidified with cold 5% hydrochloric 
acid. A brown gum separated. The acidic solution and gum 
was extracted with 800 mlo of ether, the brown ethereal 
solution extracted with 200 ml. of 5% ~9diUm hydroxide, and 
the alkaline extract acidified with cold 5% hydrochloric acid 
The tan solid which separated was removed by suction filtration, 
washed with water, and dissolved in hot benzeneo The benzene 
soltuion was boiled on a hot plate until clear (water removed) 
and then concentrated until solid appearedo The benzene 
solution was cooled in an ice-water bath, the solid removed 
by suction .filtration, washed with cold benzene, and air 
dried. By repeated concentrations o.f the benzene solution, 
1.27 grams (4.6%) o.f o.f.f-white solid with melting point 
263-264° was obtainedo The solid was recrystallized .from 
an alcohol water mixture to give 1.04 grams (3.6%) o.f a 
white microcrystalline solid with melting point 265.5- 266°. 
The neutralization equivalent (in a.lcohol solution) .found 
was 220. The molecular weight o.f~=methyl -3,4-dimethoxy­
einnamic acid is 222. An analytical sample was prepared by 
recrystallizing the acid .from an alcohol=we.ter mixture and 
drying the sample in a drying pistol (re.fluxing alcohol= 
lmm.} .for three hours. The melting point o.f the analytical 
sample was 265.5-266°. 
Anal. Calcd • .for (GH!O)~ (G1!>Hi0~} ~ C, 65.0; H,6.4~ CH!O, 27.9 
Found~ C, 65.3~ H, 6.4; CH3 o, 28.2 
A second run was made .following the same procedure as 
above except that the phosphorus oxychloride reaction was 
run at room temperature .for thirty-six hours. The light t~n 
solid which was obtained a.ft er a.cidi.fieation o.f the alkaline 
solution (a.fter hydrolysis o.f the ester) was recrystallized 
from benzene. The solid which was obtained was recrystallized 
.from a.n alcohol mixture to yield 4.04 grams (14.4%) o.f long 
white glistening needles with melting point 139=140.5°. A 
mixed melting point with the material obtained from the 
veratraldehyde-methylmalonic acid reaction (p./7~-reaction 22) 
of melting point 142-142.5° showed no depression (m.p. 139~ 
140°). 
The benzene mother liquor was warmed on a steam bath, 
petroleum ether added, and the solution allowed to stand in 
a refrigerator for one weeko The tan solid which separated 
was recrystallized from an alcohol-water mixture to yield 
lo50 grams of material with melting point 134-208°. After 
two recrystallize.tiona from alcohol-water and one from 
boiling benzene 0 . 54 grams (1 . 95%) of a white microcrystalline 
solid of melting point 226 . 5-228° was obtai ned. An analytical 
sample was prepared by an additional recrystallization from 
an alcohol-water mixture a~d dried in an Abderhalden pistol 
(refluxing alcohol-lmm . ) ov ernight. The melting point of 
'4& 0 
the analytical sample~22?.5-228. 5 • 
Anal. Calcd . for 0 1~ H14 Oif.: C, 65 . 0; H, 6 . 4 
Found: C, 6~.8; H, 6.4 
(i) H:ydrogenation of the isomeric 
~~~-methyl-3,4-dimethoxycinnamic acids". 
(a) Hydrog en at ion of 11~-met hyl-
3,_!-dimethoxyoinnamic acid" with melting point 140.E_-141 . ~0 • 
Catalytic hydrogenation: 
A mixture of 0.05 gram of 10% palladium on charcoal 
(prepared by A.L. Bluhm following the procedure of Zelinsky 
204)) and 25 ml. of commercial absolute alcohol was 
rehydrogenated for forty minutes. One millimole (0 . 222 grams) 
ofo< -methyl-3 ,4-dimethoxycinnamic acid (melting ppint 140 . 5-
141.50) was added, and the magnetic stirrer started. After 
thirty minutes, there was no further hydrog en uptake . The 
total amount of hydrogen absorbed was 26.1 ml. (106%). The 
mixture was filtered with suction through a sintered glass 
funnel, the catalyst washed with five ml. of alcohol, a nd 
the solvent removed from the filtrate by distill ation 
(steam bath-aspirator pressure) . The clear viscous redidual 
' 
oil was allowed to stand in the freezing compar-tment of a 
refrigerator for two days . The fine white crystals which 
formed (rosettes, melting point 50-52°), were dissolved in 
12.5 ml. of ether, 100 ml. of petroleum ether (30-70?) 
added, the solution cooled to -65° in a dry ice-acetone bath , 
and rapidly filtered. The yield of a white powder with 
melting point 54-54 . 5° was 0 . 149 grams (66 . 5%) . The reported 
(77) melting point of ~-methyl -3,4-dimethoxyhydrocinnamic 
acid is 58-590. 
Chemical reduction: 
In a 50 ml. beaker containing a magnetic stirring bar 
was placed 0. 222 grams ( 0 . 00100 mole) of o( - methyl-3 ,4- dimeth-
oxycinnamic acid, 1.72 grams (0 . 043 mole) of sodium hydroxide 
and 11.5 ml. of water . The beaker was placed in an electric-
ally heated water bath and warmed to 70t2° · With the solution 
maintained at this temperature, 1 . 15 grams of Raney Catalyst 
Alloy (Central Scientific Company) was added in small portions 
with stirring . After the addition was complete (fifteen 
minutes}, the temperature was raised to 90° for one hour . 
rhe hot solution was filtered with suction, the residue 
~10 
washed with ten ml. of hot water, the combined ffltrate 
warmed to boiling on a hot plate, and added to 11.5 ml. of 
hot concentrated hydrochloric acid. The mixtUff3 was boiled 
for fifteen minutes and then cooled in an ice-wate~ bath. 
The cloudy solution was extracted with 100 ml. ~f ether, the 
ether removed (steam bath-aspirator), and final traces of 
solvent removed with a vacuum pump. The viscous ol1 which 
remained was seeded with ot. -methyl-3, 4-dimet hoJeyhydroc innami c 
acid from the catalytic hydrogenation, and ecole~ in a 
refrigerator overnight. The yield of~ -methyl~~,4-dimeth­
oxyhydrocinnamic apid was 0 . 124 grams (55 . 3%) of material 
with melting point 54~54 .~. 
(b) Attempted hydro~~nation g6 
"~-methy1.::3 ,4-dimethoxycinnamic acid" with me-"Iting point 
1 I 
265 .Q.-~0 0 
A mixture of 0.05 grams of 10% palladium on charcoal 
I 
and 25 ml. of commercial absolute alcoholwas prej:J.ydrogenated 
for one ~nd one-half hours . One-half ' of · a millimole (0.111 
gram) of the -255 ~ 5-266° melting acid from the ReforPJ,at sky 
reaction of veratraldehyde was added and the magnetic stirrer 
started~ After four hours, only 42~ of the theoretical 
amount of hydrogen had been absorbed. The hydrogenation was 
stopped, and the reaction worked up as above . The white 
solid with melting point 247-256°which was obtained was not 
purified, but was subjected to the Nickel-Aluminum reduction 
conditions which had proved successful in the case of the 
140.5-141.5°acid. The reduction was carried out as above, 
and the white powder which separated on acid.1fication and 
cooling of the reaction mixture was removed bf suction 
filtration, washed with water, and dried overni~ht in a 
vacuum desiccator. The r~eovery was 0.0800 gra~s (72o0%) 
of material with melting point 264-265° -. A mi4ed melting 
point with authentic 265o5-266° acid showed no depression 
(m.p. 264.5-265.50). 
(c) Attempted hydrog enat ion of 
"~-methyl-~,_!-dimethoxycinnamid' acid with melting point 
226o5-228°. ·< ·. 
When one-half a millimole (0 . 111 grams) of the 226 . 5-
2280 acid was hydrogenated with 10% palladium on charcoal 
as above, 105% .,o.f .. the theoretical amount of hydrog.en was 
absorbed in two hours and nine minutes . The catalyst and 
solvent were removed, and the white solid residue recrystallize.d 
from an alcohol-water mixture to give 0.102 grams of material 
with melting point 226-228°. A mixed melting point with 
authentic 226o5-228° aeid showed no depression (m . p . 226-228°) 0 
The recovery of acid was 92%. Apparently, either the quanti-
tative hydrogenator had a leak, or something else in the 
hydrogenation mixture was absorbing hydrogen. 
(ii) Attempted cyclizations of the 
isomeric "G(-methyl-~,!-dimethoxycinnamic acids'' o 
(a) Attempted cyclization of 
'~-methyl-~,4-dimethoxycinnamic acid" with melting point 
L40.5-141.5° 0 
A mixture of 2 o2 grams of polyphosphoric acid (195} 
(Victor Chemical Co.) and 0.22 · gram (0.0010 mole) o"fthe 
· ·140.5..:141.5° acid were placed in a ten ml. Erlen!)leyer flask, 
the mixture stirred, and allowed to stand at ropm.tempera-
ture for one and one-half hours. The light brow~ mixture 
was then warmed at 70° for five minute~, and th~n added to 
25 ml. of water. The yellow solid which precipitated was 
washed with water and recrystallized from an alcohol-water 
mixture. The recovery was 0.21 gram (95 . 5%) of material 
with melting point 138.5-139.5°. 
(b) Attempted cyclization of 
"d\--methyl-3 ,4-dimethoxyc innamic acid" with melting point 
265.5-266°. 
A mixture of 3.0 grams of polyphosphoric acid and 0.27 
gram of the 265.5-266° acid were allowed to stand at room 
temperature for six hours. The deep purple solution was 
added to 20 ml. of water, the solution cooled in an ice-
water bath and the solid which formed (sodium bicarbonate 
soluble) removed by filtration with suction, washed with 
water, and dried in a vacuum desiccator for two days. The 
recovery was 0.26 gram (96 . 5%) of material with melting 
point 253.5-265°. 
Three ml. of cold concentrated sulfuric acid and 0.1074 
0 grams of the 265.5-266 acid were placed in a five ml. 
Erlenmeyer flask, and allowed to stand for five minutes in 
an ice-water bath. The lavender-black solution was added to 
50 grams of iee, and the white (sodium hydroxide soluble) 
solid removed by filtration with suction, washed with water, 
and dried overnight in a vacuum desiccator . The recovery 
was 0.0940 ~rams (87.8%) of material with melting point 
265-266°. 
(iii) . Ra.st molecular weight determinations 
-- , I 
on the isomeric ~-methyl-3,1-dimethoxycinnamic acids. 
The camphor used was resublimed material with melting 
point 175.0 (point at which all solid had melted) . A glass 
tube (three mm. inside diamete~was closed at one end, 
weighed, the sample introduced, tube weighed, the camphor 
introduced, the weight of the camphor was about ten times 
that of the sample, the tube weighed again, and finally the 
open end sealed. The tube was placed in an o i l bath pre-
heated to 180°, and the clear solution carefully mixed . 
The tube was taken out of the bath, allowed to cool, a 
sample of the mixture p laced in a capilla ry tube, and the 
melting point (point at which all solid had melted) 
determined in an oil bath preheated to 145° The following 
data was obtained: 
Melting point 
140.5-141.5° 
226.5-228 
265.5-266 
265.5-266 
of acid Wt . of Sample 
0.0058g 
0.0039 
Wt. of Camphor ~ De:pressian 
0.0509g 20 
0.0315 10.5 
0.0040 0.0344 10 
0.0022 0.0319 5.5 
The molecular weight was calculated by use of the formula : 
Molecular weight = 
The molecular weights found for the three isomeric acids were: 
Acid with melting point: 
. ' I 140~5 ~141.5 
226.5-228 
265.5-266 
Molecular weight 
226 
468 
461, 498 
or) 
The molecular weight of C'{-methyl-3 ,4-dimethoxycinztamic acid 
is 222, while if the acid was dimeric, the molecular weight 
would be 444. 
The ultra-violet absorption spectra for the "isomeric" 
o<-methyl-3 ,4-dimethoxycinnamic acids and~ -methyl-3 ,4-
dimethoxyhydrocinnamic acid are given on pages 72-7!' . 
(iv) Infra-red data for the ~-methyl­
~,4-dimethoxycinnamic acids and~-methyl-~,!-dimethoxy­
hydrocinnamic acid. 
The infra-red absorption spectra were run as mulls (Nu j ol) . 
Aeid with melting 
point 140.5-141.5°: 
Acid with melting 
point 226.5-228°: 
Acid with melting 
point 265 . 5-266°: 
Bands at 
( cm-1) 
1458 ( s) ' 
126? ( s) ' 
1040 (m) , 
810(s), 
2933(m), 
1592 (w), 
1422 (m) , 
1250 (w) , 
1143 ( s) ' 
983(m), 
853(w), 
?40(w) . 
3333(w), 
1621 (m) , 
13 28 (m) , 
993(s) , 
812 (m) , 
o( -Methyl-3 ,4-dimethoxy-
hydrocinnamic acid: 2 915 ( s) ' 
1592(m), 
13 ?9 ( m) , 
1199 (m), 
1025(s) , 
?65(w) . 
2933(m), 16?2(s), 1658(s), 
1600(w), 1582(w), 1513(s), 
13?9(m), 1359(w), 1302(s), 
116?(w), 1153(m), 1133(w), 
1028 ( s) , 948 ( m) , 916 ( m) , 
?80(m), ?55(w) . 
1695 ( s) ' 1631 (w), 1605 (m) , 
15??(w), 1517 ( s) ' 1458 ( s) ' 
13?9 (m), 1333 (m), 1274(s) , 
1215(s), 1186 (w), 1163(m), 
1124 (m), 1105 (m) , 1030 ( s) ' 
926(m), 883 (w) , 8?2(m), 
810(s), 799(w), 748(m), 
2915 (m) , 1733 ( s) ' l68l(m), 
15ll(s), 1458 ( s) ' 1399 ( w) ' 
1235 ( 9) ' 1159 ( s) ' 1105 ( s) ' 
913(w), 8?7(s), 86l(w), 
?89 {w) , ?50(m), 740(w) . 
1715(s), 1704 { s) ' 1658(w), 
15 20 ( s) ' 1458(s), 1422 {m), 
1350 (w), 1263 ( s) ' 1245 ( s) ' 
1163 (m) , 1142(s), 1036 (w) , 
952(w), 860(w), 800(m), 
2. Structure of two Aldol J2.!.Q.ducts. 
For the purposes of ultra-violet absorption comparisons, 
~-(m-nitrophenyl)-ethanol was selected as a model compound . 
a. Preparation of ~.{m-nitrophenyl)-ethanoL 
( i}: ... Attempted preparation of~-(m-nitro­
phenyl)-ethanol .£y ~ Grignard reaction. 
In a 500 ml., round bottom, standard taper (24/40), 
three-necked flask fitted with a precision bore motor driven 
stirrer, a dropping funnel with a pressure equalizer, and a 
condenser topped by a calcium chloride dryirig tube was placed 
2.91 grams (0.125 gram atoms) of sublimed magnesium (Dow 
Chemical Company). The system was dried by flaming . A 
solution of one ml. of methyl iodide .and two ml. of ether 
(dried over sodium wire) was added. The solution became 
cloudy and bgan to boil im~ediately. The remainder of the 
methyl iodide (total 19.85 grams (0.1400 mole) of Eastman 
Kodak "White Label" dried over"Drieritl) in 100 ml . of ether 
was added dropwise over a period of forty-five minutes at a 
rate to maintain gentle refluxing . The mixture was then 
refluxed on a steam bath for one hour. At the end of the 
ref'luxing period, all the magnesium had reacted, and a clear, 
colorless, solution remained. The solution was cooled to 
room temperature, and a solution 15.1 grams (0.0100 mole) 
of m-nitrobenzaldehyde in 350 ml. of' ether ~dded. On the 
addition of the first drop of' the m-nitrobe~zaldehyde 
solution, a rust colored precipitate was 
remainder of' the aldehyde was added at a 
\ 
formed. ~ The 
,, 
\ 
rate to maintain 
gentle refluxing (one hour), and the rust colored mixture 
refluxed for an additional two hours . The mixture was 
cooled in an ice-water bath and added to a mixture of 
40 ml. of concentrated sulfuric acid and 200 grams of ice. 
The ethereal and aqueous layers were separated, and the 
aqueous layer extracted with 100 ml. of' ether. The combined 
ether solutions were concentrated by a ~sh distillation 
to a dark brown tar. The tar was steam distilled, with 750 
ml. of clear, light brown distillate being collected. 
During the distillation, purple fumes appeared to be coming 
over, a dark puple solid collected in the condenser, and a 
distinct odor of' iodine was present. The distillate was 
extracted with two 100 ml . portions of' ether, the red-brown 
ether extract washed with 50 ml. of' 5% sodium thiosulfate, 
and the resultant slightly yellow ethereal solution washed 
with 100 ml. of' water . The ether was removed b y distillation 
on a steam bath and the yellow residue crystallized from 
boiling water. A light yellow solid (1 . 5 grams) of' melting 
point 56-58° was obtained . The solid gave a positive 
carbonyl test (formation of' a yellow precipitate) with 
2,4-dinitrophenylhydrazine test reag ent. A mixed melting point 
with an authentic sample of m-nitrobenzaldehrde (m. p . 58-59°) 
showed no depression (m.p. 56-58°). The reaction ~hus 
resulted in a lo% recovery of starting material a~d no yield 
of the desired product. The difficulty was probably due to 
a reaction of the nitro group with the Grignard reagent . 
More satisfactory. results might have been obta~ned if the 
Grignard reagent had been added to the aldehyde, so that 
there was excess aldehyde present at all times. 
(ii) Preparation of~-(m-nitrophenyl)­
ethanol Qy reduction Q1 m-nitroacetoDhenon~ . 
The m-nitroaeetophenone· was prepared by Dr. Walter J. 
Gensler by the nitration of acetophenone, and had a melting 
point of 78-79° after recryst a llization once from a lcohol-
water, and once from absolute a lcohol. The reported (196) 
melting point of m-nitroacetophenone is 81° . 
Although the reaction of sodium borohydride with 
m-nitroacetophenone is not reported in the literature, there 
are two reports which make this reduction promising. 
m-Ni:troacetophenone is reduced by lithium borohydride (197) 
to give a 93% yield of ~-methyl-m-nitrobenzylalcohol . 
m-Nitrobenzaldehyde is reduced by sodium borohydride (203) 
to give an 82% yield of m-nitrobenzyl aleohol. 
To a solution of 4.95 g rams (0.0300 ~ole) of m-nitro-
acetophenone in 50 ml. of methanol (Baker "Absolu~e" used 
directly) contained in a 125 ml. Erlenmeyer flask fas added 
a solution of 2.27 grams (o:o600 mole) of sodium borohydride 
(Metal Hydrides lot no. 16} in 20 ml. of methanol in one ml. 
portions over a period of fifteen minute~. The temperature 
of ihe reaction was maint~ined at 25° by cooling in an ice-
water bath. The yellow solution became amber and then yellow 
again during the addition. There was a visible evolution of 
gas, probably hydrogen. The solution was allowed to stand 
overnight. There was no further visible gas evolution after 
this period of standing. One hundred ml. of 5% hydrochloric 
acid was added (gas evolution), and the methanol removed 
from the solution by blowing a stream of dry air over its 
surfact at room temperature. The cloudy aqueous solution was 
extracted with two 100 ml. portions of ether, the ether 
removed by distillation on a steam bath, and the resultant 
yellow oil crystallized by dissolving in a boiling alcohol-
water solution and allowing the solution to stand in a 
refrigerator for four days. The slightly yellow powder 
which formed was removed by suction filtration through 
paper and air dried. The yield was 4.55 grams (90.8%} of 
material with melting point 58.5-60° . This material was 
decolorized with Norite and recrystallized from a lcohol-
water to give 3.~~ grams (69.5%) of fine off-white needles 
with melting point 60.5-61°. The reported (197) melting 
point of~-(m-nitrophenyl}-ethanol is 61.5°. 
b. • Infra-red dat~ ill the two Aldol produets . 
The infra-red absorption spectra were run a s mulls 
(Nujol). 
o- f.~-e.ll-w:.\1 
blf ~ 
NO,. 
Bands at: 33ll(m), 3 175(m), 2915(s), 
(cm-1 ) 1742(s}, 1730(s), 1656(s), 
154l(s), 1473(m), 1458(m), 144l(w), 
1403(w), 138l(m}, 135l(s), 1289(m), 
1238(m), 1208(s}, ll49(s), 1106(s), 
1070(s), 1024(s), 943(m), 924(w), 
905(w), 868(w), 838(m), 8ll(m), 
786(w), 740(w), 723(s). 
3247(m), 2 907 ( s) ' 1686(s) 1 15 24 ( s) ' 
1486 (m) , 1456 ( s) ' 1418 (w), 1357(s), 
1316(w), 1287(s), 1258 (m), 1238(w), 
1217 (w) , 1133 (w), 1094(m), l035(s), 
1017(s), 946 (m) , 913(s), 852(m}, 
819 (m), 745 ( s) ' 740(s), 72 l(w) 
709(m), 694(s). 
3. Structure of the products from the react ion of 
allylmalonic acid. 
a. Ozonolysis of allylmalonic acid . 
The ozonizer was warmed up for three and one-half hours 
with the variac set at 90, :and oxygen under a five rnm. 
initial pressure passing through the apparatus. A test tube 
containing 50 ml. of 5% potassium iodide was placed in the 
apparatus, and ozone bubbled throug_h the solution for two 
minutes (stop-watch). The test tube was removed, ten ml. 
of lN sulfuric acid added, and the liber Bted iodine titrated 
with standard thiosulfate solution. When the solution became 
light yellow, a few drops of starch solution was added and 
the titration eontinued. The titration indicated that 0.425 
millimole of ozone was being generated per minute. 
A solution 0.26 gram {2 millimoles) of allylmalonic aeid 
in 30 ml. of ethyl acetate contained in a test tube was placed 
, I 
in the ozonolysis apparatus. Twenty-three ml. of 5% potassium 
iodide was placed in the apparatus at a point so a~ to 
collect the ozone not absorbed by the ethyl acetate solution. 
The ethyl acetate solution was cooled to -80° in, a dry ice-
ethyl acetate bath, and ozone bubbled through the solution 
for five minutes. The amount of ozone absorbed by the ethyl 
acetate solution was 2.05 millimoles. The ethyl acetate 
was removed by blowing a stream of nitrogen over the surface 
of the solution at room temperature. The residual, slightly 
yellow ozonide (an oil) was decomposed by adding 0.65 grams 
(0.010 mole) of zinc dust (Mallinckrodt) and 50 ml . . of ice 
water, then stirring the mixture for thirty minutes. Two 
hundred and fifty ml. of water was added, and the mixture 
distilled on a heating mantle into a solution of 0.30 gram 
(2.14 millimoles) of Dimedone (Eastman Ko~ak "White Label" 
used directly) in 125 ml. of water eontaining one drop of 
piperidine. One hundred and fifty ml. of distillate was 
collected. The cloudy aqueous solution was allowed to stand 
overnight in a refrigerator, the fine white precipitate 
which formed was removed by suction filtration and recrystallized 
from an alcohol water mixture . The yield was 0.20 gram (34.2%) 
of material with melting point 187.5-188.5°. The reported 
(198) melting point of the Dimedone derivative of formalde-
hyde is 189-190°. 
b. Ozonolysi~ of~-allyl-Q-methoxycinnamic acid. 
The ozonolysis was run as described in (a). Ozone 
was passed through a solution of 0.436 gram (2 mil~imoles) 
of~-allyl-o-methoxycinnamic acid in 30 -ml. of ~th~l acetate 
cooled to -80° for four minutes and fifteen seconds. The 
amount of ozone absorbed by the solution was 1.998 millimoles. 
After decomposition of the ozonide, 200 ml. of water was 
added and the mixture distilled into a solution of 0.56 gram 
(4 millimoles) of Dimedone in 200 ml. of water. After cooling 
the mixture in a refrigerator for three days, the white 
solid which separated was removed by filtration with suction 
and air dried. Material (0.28 grams) with melting point 
158-170° was obtained. After three recrystallizations from 
an alcohol-water mixture, 0.080 grams (13.9%) of material 
with melting p~int 185-186.5° was obtained. A mixed melting 
point with the Diemdone derivative of formaldehyde obtained 
in (a) (m.p. 187.5-188.5°) showed no depression (m.p. 186-187°). 
4. Structure of ".§.-methyl-2-nonenoic" acid. 
a. Test for the presence of ~-methyl-3-
nonenoic acid. 
One gram of the acidic product from the reaction of 
hept aldehyde with met hylmaionic ao i d ( p. Jq~ ) and one gram 
of 8~ sulfuric acid were placed in a ten ml. round bottom, 
standard taper (14/20) flask fitted with a drying tube, and 
containing a Teflon covered magnet. The mixture was heated 
in an electrically heated water bath at 80° for six hours 
with stirring. The resultant dark brown-black solution was •. ~ 
E)(1MC1'0 W1Tfl 5t> ..,_ OF k'1lfa_, T~ ~ ElC~ ~ "''Til "TWO Sb IlL ~®S OF ""ftlaoo.J 
cooled, added to 20 ml. of ice water, the aqueous solution 1\ 
NJ) Tf#E E'-ni*AL SOI..U..Tl~ TMal ~extracted with 50 ml. of 5% sodium bicarbonate. The clear 
colorless bicarbonate extract was acidified with concentrated 
hydroehloric acid end the cloudy acidic solution extracte d with 
100 ml. of ether. The ethereal solution was dried over 
~nhydrous sodium sulfate overnight, the drying agent removed 
by suction filtration through paper, and the ether removed 
by distillation on a steam bath. The light brown residue 
was distilled in a creased test tube after preliminary 
removal of final traces of solvent at 100° ( 1 mm . ). One 
drop of a clear colorless liquid with boiling point approxi-
mate~y 150° (1 mm . ) and refractive index n~ :1.4620 was 
obtained. The original acid had a boiling point of 148-
1490 (1 mm.) and refractive index n~=l.4620 . 
b. Infra-red data for ~-methyl-~-nonenoic acid . 
The infra -red absorption spectrum was run on the pure 
liquid. 
Bands at : 
( em-•) 
1689(s), 
1389 ( w) ' 
1203(w) , 
947(w) , 
2924(s), 2667(w), 2558(w), 
1647(m), 1458(m}, 1422(s), 
1364(w) , 1287( s), 1227(w), 
ll63(m), 1106(w), 1074(w), 
914(w), 792(w) . 
M. Effect Q! Water On The Reaction~.!.; 
1 . Addition of a trace of water to the reaction 
-- - ---
of methylmalonic acid with m-nitro9enzalde£7de . 
In the usual apparatus was placed 1.51 grams (0.0100 
mole) of m- nitrobenzaldehyde, 2 . 36 grams (0.0200 mole) of 
methylmalonic acid , 12 . 5 ml . of pyridine, 1 . 97 ml . (0 . 0200 
mole) of piperidine , and one drop of water . The mixture 
was heated on a steam bath for seventeen hburs. The carbon 
dioxide evolution was 9?.8% of theoretical . On working up 
in the usual manner, 1.52 grams (73.5%) ofd-met;hyl-m-
nitrocinnamic acid (melting point 200-202°) wa~ obtained. 
I 
2. Addition of a molar amount of water to the 
reaction of methylmalonio acid with ~-nitrobenzaldehyde. 
A mixture of 3 . 02 grmas (0.0200 mole of m-nitrobenz-
aldehyde, 4.72 grams (0.0400 mole) of methylmalonic acid, 
3.94 ml. (0.0400 mole) of piperidine, 25 ml. of pyridine, 
and 0 . 36 ml. (0.0200 mole) of water was placed in ~he usual 
apparatus. The mixture was heated on a steam bath for one 
hundred and thirteen hours . The carbon dioxide evolution 
was 83% of theoretical. Working up in the usual manner 
afforded 2.31 grams (55.8%) of ~-methyl-m-nitrocinnamic acid 
with melting point 200-202°. 
3. Addition of "Drierite"' to the reaction: 
The effect of removal of the water produced in the reaction 
was studied by running the reactions as previously described 
with the exception that 3.5 grams of pulverized ''Drierite" per 
0.0100 mole of aldehyde was added to the reaction mixture. 
The work up was essentially the same as in previous work, 
except that the "Drierite" was removed by suction filtration 
through a sintered glass funnel before · acidification of 
the reaction mixture . The results are given in Table XXIII 
Table XXIII 
The effect of addit i on of "Drierite" on the react i ons 
--- -- -- --- ------~~ 
of monosubstituted malonic acids with aldehydes following 
the general directions (p. 157). 
% Yield without 
Malonic Heat the addn . of 
Aldeh:z::de Acid Hrs. ~ C02 % Yield "Drierite" 
1. Benz- Ethyl 22.5 95.3 78.5 47.4 p . l71 No. 
aldehyde 
2. Piper - Ethyl 20 98 . 5 31.9 29.5 p . l79 No. 
anal 
3. o -Meth- Ethyl 17 95 . 6 68 . 5 54.5 p . l79 No. 
o'Xybenz-
aldehyde 
23 
9 
2 
4. Vanillin Methyl 22 103 . 2 85 . 7 34.1 p . l77 No.33 
225 
N. Effect Of Base On The R~action. 
1. The reaction of ~-nitrobenzaldehyde with methyl-
malonic acid in the presence of pyridine. 
A mixture of 3.02 grams {0.0200 mole) of m~nitrobenz­
aldehyde, 4.72 grams {0.0400 mole) of methylmalonic acid, 
and 25 ml. of pyridine was placed in the usual apparatus. 
The solution was heated on a steam bath for fifteen hours. 
The carbon dioxide evolution was 95.2% of theoretical. 
The usual work up afforded 0.0183 grams (0.44%) of 
~-methyl-m-nitrooinnamio acid with melting point 200-201°. 
In a second run, 25 ml. of "Special" pyridine (p.Jfo4) 
was employed. The carbon dioxide evolution was 93% of 
theoretical after heating on a steam bath for nine and one-
half hours. No acidic material was obtained in working up 
the reaction in the usual manner. A 2,4-dinitrophenyl-
hydrazone was prepareq from the ethereal solution containing 
neutral materials ( p .J~t') . The yield was 6.35 grams ( <il6%) 
of material with melting point 281-282° (292-2930 (corr.)). 
The reported (179) melting point of the 2,4-dinitrophenyl-
o hydrazone of m-nitrobenzaldehyde is 292-293 (dec.). 
2. The reaction of !-nitrobenza1dehyde with 
malonic acid in the presence of pyridine. 
A mixture of 3.02 grams (0.0200 mole) of m-nitrobenz-
ladehyde, 4.15 grams (0.0400 mole) of malonic a.cid, and 25 ml. 
of "Special" pyridine (p./ft4) was heated on a steam bath for 
twenty-one hours. The carbon dioxide evolution was 94.3% 
of theoretical. On working up the reaction in the usual manner 
3.70 grams {g5.8%) ofacidic material with melt1~e; point 
199~200°was obtained. The reported {30) yield pt m-nitro-
cinnamic acid is 72~ of material with melting point 196-
1970..~ . · 
3. The reaction of !,!!-nitrobenzaldehtde ··1itt··lD. r:methyl-
. I . 
malonic acid in the presence of N-ethylpiperidine and 
pyridine. 
A mixture of 3.02 grams (0.0200 mole) of m-nitrobenz-
aldehyde, 4.72 gra~s (0.0400 mole) of methylmalonic acid, 
5.50 ml. (0.0400 mole) of N-ethylpiperidine (Eastman Kodak 
"For Penicillin G Determination" used directly) and 25 ml. 
of pyridine was heated on a steam bath for twenty-seven 
hours. The amount of carbon dioxide evolved was 92.5% of 
theoretical. On working up the reaction, 0.34 grams (8.2~) 
of acidic material was obtained with melting point 200.5-
2020. A mixed melting point of this material with authentic 
{~ ~CIIl-~.,) ~ ~ -ro ~l\£ NO ~-
o( -methyl-m-nitrocinnamie ac idA (m. p. 201-202. 50f. 
In a seeond run, the same quantities were employed but 
"Special" pyridine (p.J~4 ) and purified N-ethylpiperidine 
(p. 1~ ) were used. After heating for eleven hours, the 
carbon dioxide evolution was 89% of theoretical. The red 
reaction mixture was added to a mixture of 50 ml. of con-
centrated hydrochloric acid and 100 gr~s of ice. There was 
no precipitate. The blue-green aqueous solution was extracted 
with two 100 ml. portions of ether. The purple ether extract 
was extracted with lQO ml. of 5% sodium hydroxide and the 
resultant yellow alkaline solution acidified with a mixture 
of 25 ml. of concentrated hydrochloric acid and 100 grams 
of ice . There was no precipitate. As the alkal!ne s olution 
was added to the acid , the solution beca111e cloudy and then 
I 
clear on stirring . Addition of sodium hydroxide pellets 
to the a~id solution resulted in a precip itate in the still 
acidic solution. The white precipitate was removed by 
MI(T't~ 
filtration with suction after cooling theAin an ice-water 
bath. The weight of the material after air drying was 
0.62 gram with melting point 112 - 115° . An additional 1 . 15 
grams of material with melting point 115.5-116° was 
obtained when the mother liquor was allowed to stand over-
night at room temperature . Finally, the acidic solution 
was concentrated to one-half volume on a steam bath yield-
ing 0 . 94 grams of white solid of melting point 110-114° . 
The following information was gathered on the material 
with melting point 115 . 5-116° -~ The solid was insoluble 
in water and dilute hydrochloric acid, and soluble in 5% 
sodium hydroxide and concentrated hydrochloric acid . A 
sodium fusion revealed the presence of nitrogen, i . e ., a 
precipitate of Prussian Blue and the absence of chlorine, 
i.e . no precipitate with silver nitrate solution . The 
neutralization equivalent of the substance dissolved in 
alcohol was found to be 234 . The compound was recrystallized 
from boiling benzene, washed with petroleum ether (30-65°), 
_and air dried . 0 The melting point was now 116.5-118 , 
and the neutralization equivalent 224 . 0 . A second recrys-
tallization of a portion of the material from boiling 
benzene gave small white cryst a ls with a melt i ng point· of 
ll7"o5"-l"l8o5° and a neutralization equivalent of 22:3o 4 o An 
analytical sample was prepared by recryst a llizing f rom 
boiling benzene and drying the s ampl e for t e n hours in 
a drying pistol (aspirator pressure-refluxing a~cohol 
temperature) o The melting point of the ana lytical sample 
was ll6 o5-117 . 5° 0 
v~~.~~,.o 
Nt)A 
Neut . Equi v 0 
Found: C,53o.4; H,5 . 1 Found: 223 o4 
Requires:C,58o0; H,4 . 4 Requires:207 
Require : 0,53 . 3; H,4 o9 Requires:225 
All materia.l (with the exception of the analytical 
sample) was combined, and recrystallized three times from 
boiling benzene. The yield was l oll grams (24 . 7%) of a 
white cryst a l line co mpound with melt i ng point 116 . 5 -
117 . 50 0 The yield of crude material was 2 o71 grams 
( 60 0 2%) 0 
A 2 ,4-di ni t rophenylhydraz one der i vativ e was prepared 
from the purple ethereal solution after extract i on with 
5% sodium hydroxide . The yield of the 2 ,4-dinitrophenyl-
hydrazone of m-nitrobenzaldehyde was l o65 grams (24o9%} 
of material with melting po i nt 280-281°(291-292°(corr.)). 
4. The reaction of ~-isopropylbenzaldehyde with 
methylmalonic ac id in the presence of B- ethylpiperidine, 
· -~, pyridine. 
A mixture of 3 . 00 grams (0.0200 mole) of p-isopropyl-
benzaldehyde, 4.72 grams (0.0400 mole} of methy~alonic 
acid,' 5.50 ml. (0.0400 mole) of N-ethylpiperidine, and 25 
'' 
ml. of "Special" pyridine was heated on a steam bath for 
two days. The carbon dioxide evolution was 86.2% pf theoret-
ical. The reaction mixture was added to a mixture of 30 ml. 
of concentrated hydrochlorio acid and 100 grams of ice. 
The resultant cloudy solution contained a yellow oil with 
an odor resembling that of p-isopropylbenzaldehyde. The 
solution was extracted with three 100 ml. portions of ether, 
the ether extract extracted with 100 ml. of 5% sodium 
hydroxide, and the alkaline solution acidified with a mixture 
of 30 ml. of concentrated hydrochloric acid and 50 grams of 
iee. The cloudy solution was allowed to stand at room 
temperature overnight . A small amount of white crystalline 
solid was formed . The solid was removed by filtration and 
air dried. The weight of material obtained was about 
0 50 milligrams with melting point 50-98 • The solid was 
recrystallized from an alcohol-water mixture giving about 
0 20 milligrams with melting point 87-97 . No further work 
was done on this material . 
A~,4-dinitrophenylhydrazone was prepared from the 
ethereal solution after extraction with sodium hydroxide. 
The yield of the ~,4-dinitrophenylhydrazone o~ p~isopropyl­
benzaldehyde was 6.51 grams (9""9 . 2%) of material with melting 
0 point 231-233 . The reported (180) melting point is 241° 
5. The reaction of ~-nitrobenzaldehyde with methyl-
malonic acid in the presence of triethylamine ~ pyridine. 
' ~ 
The quantities used were the same as in 3., with 5.55 
ml. (0.0400 mole) of triethylamine being used in place of 
' 
N-ethylpiperidine. After heating the reaction mixture on a 
steam bath for ninety-three hours, the carbon d~oxide 
evolution was 93.6% of theoretical. The reaytion mixture 
was acidified with a mixture of 50 ml. of conee~trated 
5 
hydrochloric acid and 100 grams of ice, and the r .esult ant 
green solution extracted with two 100 ml. portions of ether. 
The red ethereal solution was extracted with 50 ml. of 5% 
sodium hydroxide, and the green alkaline solution acidified 
with a mixture of 15 ml. of concentrated hydrochloric acid 
and 50 grams of ice . The precipitate was removed by filtra-
tion with suction, air dried, end recrystallized twice 
from boiling benzene. The yield of ~-methyl-~-hydroxy­
m-nitrohydrocinnamic acid was 2.07 grams (46.0%). The 
melting point of the product was 116-1180 ; A mixed melting 
point with authentic (~) ~~methyl-e-hydroxy-m-nitrohydro-
o 
einnamic acid (mop . 116 . 5-117 . 5 ) showed no depression 
( , . 0 m. p o 116-+18 ) 0 
6o The reaction of benzaldehyde with methyl-
malonic acid in the presence of triethylamine and pyridine. 
A mixture of 1 . 06 grams (0.0100 mole) of benza ldehyde, 
2.36 grams (Oo0200 mole) of methtlmalonic acid, 2o78 ml. 
(0.0200 mole) of triethylamine, and 12 o5 ml . of "Special" 
pyridine was heated on a steam bath for nineteen hours. 
The reaction mixture was acidified with a mixtur~ of 25 ml. 
of concentrated hydrochloric acid and 50 grams of ice, the 
acidic solution extracted with two 100 ml. portions of 
ether, and the ether extract extracted with 50 ml. of 5% 
sodium hydroxide. There was no precipitate formed on acid-
ifioation of the alkaline extract. 
The benzaldehyde present in the ethereal solution was 
recovered as benzoic acid as previously described (p.I?D }. 
The yield of benzoic acid was 1 . 15 grams (94.4%) of material 
with melting point 120 . 5-121°. · 
7. The reaction of m-nitrobenzaldehyde with malonic 
acid in the presence of triethylamine and pyridine. 
The quantities used were the same as'· in 5., with 4.16 
grams (0.0400 mole) of malonic acid being used in place of 
methylmalonic acid. The carbon dioxide evolution was 92.4% 
of theoretical after heating the mixture on a steam bath for 
twenty-two hours . On working up in the usual manner, 3.24 
grams (84%} of material wi~h melting point 198-200° was 
obtained. The reported (30) melting point of m-nitro-
cinnamic acid is 196-197°. 
8. The reaction of m-nitrobenzaldehyde with 
methylmalonic acid in the presence of N-benzylmethylamine 
and pyridine. 
A mixture of 1 . 51 grams (0.0100 mole) of m-nitrobenzal-
dehyde, 2.36 grams (0 . 0200 mole) of methylmalonic acid, 
2.46 grams (0 . 0200 mole) of N-benzylmethylamine, and 12.5 
ml. of pyridine was heated on a steam bath for seventeen 
hours. The carbon dioxide evolution was 102% of theoretical. 
On working up in the usual manner, 2 .05 gr ams (99.0%) of 
~-methyl-m-nitrocinnamic acid with melting point 199.5-
1 
201° was obtained . 
9 . The reaction of m-nitrobenzaldehyde with methyl-
malonic acid in the presence of N-benzylm.ethylamine, triethyl-
amine, and pyridine. 
In the usual apparatus wa s placed a mixture of 3.02 grams 
(0.0200 mole) of m-nitrobenzaldehyde, 4 . 72 grams (0 . 0400 mole) 
of methylmalonic acid, 3 .84 grams (0 . 0380 mole) of "t;riethyl-
amine, 0.24 grams (0 . 0020 mole) of N-benzylmethylamine, and 
25 ml. of "Special" pyridine . After heating on a steam bath 
for nineteen and one-half hours, 99 . 3% of the theoretical 
amount of carbon dioxide was evolved. The reaction mixture 
was added to a mixture of 50 ml . of c oncentrated hydrochloric 
acid and 100 grams of ice . The white precipitate which 
formed was removed by suction filtration, washed with water, 
and dried overnight in a va cuum desiccator . The yield of 
~-methyl-m-nitrocinnamic acid was 1.61 grams (38 . 9%) of 
0 
material with melting point 198 - 200 . 
The filtrate was extracted with two 1?0 mL portions of 
ether, the ether extract extracted with 50 ml. of 5% sodium 
hydroxide, and the alkaline solution acidified (pH 2; 
pHydriori. paper) with concentrated hydrochloric acid . The 
acidic solution was allowed to stand overnight in a re-
frigerator. The white shiny plates which separated were 
removed by filtration ~ washed with cold water and air dried. 
Material (1 . 58 grams) with melting point 115-117° was obtained. 
The mother liquor was extracted wit h 100 ml. pf ether , the 
ethereal solution dried overnight over anhydrous sooi urn 
sulfate, the drying ag ent removed by filtratfon with suction , 
and the ether removed by heating on a steam bath. The 
yellow residual oil was dissolved in hot benzene, petroleum 
0 
ether {30-75 ) added until the solution was cloudy, and the 
solution allowed to cool . The white solid which ~eparated 
on cooling was removed by suction filtration and air dried. 
Material (0.96 grams ) with melting point 115 - 117° was 
obtained. The total yield of ~-methyl-e-hydroxy-m-nitro~~o­
cinnamic acid was 2.54 grams (56.5%) . 
10. The reaction of benzaldehyde with methyl-
malonic acid in the presence of N-benzylmethylamine, 
't :il1"ethylamine, and pyridine. 
The quantities used were the s ame as in 9 . , using 2 .12 
grams (0 . 0200 mole) of benzaldehyde instead of m-nitrobenz-
aldehyde. The carbon dioxide evolution was 96 . 5% of theoret-
ical after heating on a steam bath for fifteen hours. The 
reaction mi xtrue was worked up in the usual manner to yield 
1.27 grams (39 . 2%) of ~ -methylcinnamic acid of melting 
point 79-80°. 
The benzaldehyde present in the ethereal solution was 
recovered as benzoic acid as previously described (p. 170 ). 
The yield of benzoic acid was 1.34 grams (55%) of material 
with melting point 120-120 . 5°. 
11 . The reaction of ]2-h:zrdroxybenzaldehy~l.e with 
methylmalonic acid in the presence .o,.! aniline ~ py.ridine. 
Ree ent .... ·.w.ork :·:.f.'['92f~-itd·ic-at es-.. that th!3 candensat ion of 
malonic acid with hydroxybenzalde~ydes gives better results 
when aniline is substituted for piperidine . 
A mixture of 2.44 grams (0.0200 mole) of p-hydroxy~ 
benzaldehyde, 25 ml. of pyridine, 4.?2 grams (0.0400 mole) 
of methylmalonic acid, and 3 . 64 ml . (0.0400 mo+e) of aniline 
(Eastman Kodak "White Label" material was distilled from 
zinc dust, the portion with boiling point 183-183.5° was 
colleeted. The reported (193) boiling point of aniline is 
184°.) was:=he~ted~:·~a steam. bath for ~ix hours. The amount 
of ca.rbon dioxide evolved was 91 . 8% of theoretical. On 
acidification of the reaction mixture, a solid precipitated 
which was insoluble in sodium bicarbonate . After recrystall-
ization from an alcohol-water mixture, 1.?6 grams of a yellow 
crystalline solid with melting point 191-192° was obtained. 
The material gave a negative ferric chloride test, a positive 
dinitrophenylhydrazine test , and was shown to contain 
nitrogen by a sodium fusion . The reported (194) melting 
point of the Schiff-base of aniline and p- hydroxybenzaldehyde 
is 190-191° (bright yellow crystals) . An authentic sample 
of the Schiff-base wa s obtained by dissolving p-hydroxybenz-
aldehyde (weighed quantities not used) and aniline in ether, 
and allowing the ether to evaporate at room temperature 
until a solid appeared . The solid was removed by filtration, 
washed with a small amount of cold absolute alcohol, and 
air dried. The yellow solid obtained h a d a melting point of 
192~193°. A mixed melting point of the authentic sample 
with the product of the methylmalonic acid reaction showed 
no depression (191-193°). 
12. The rea~tion of m-nitrobenzaldehyde with methyl-
malonic acid in the presence of IR-4B and PYfidine. 
A mixture of 1.51 grams · (0.0100 mole) of m-nitro-
benzaldehyde, 2.36 grams (0.0200 mole) of methylmalonic acid, 
6 grams of IR-4B, and 25 ml . of pyridine, was heated on a 
steam bath for ten hours. The carbon dioxide evolution 
was 94% of theoretical. The reaction mixture was filtered 
with suction through sintered g lass and the resin washed 
with 25 ml. of pyridine and 25 ml. of water . The resin 
was allowed to stand for fifteen minutes in 100 ml. of 5% 
sodium hydroxide. The resin was removed by filtration 
and the alkaline solution acidified. There was no preeip-
i tate. 
0. Mechanism Work . 
~ 
1. Attempted conversion of ~-methyl-~- hydroxy-
m-nitrohydrocinnamic to ~-methyl-~-nitrocinnamio acid. 
In a 50 ml. flask in the usua l apparatus was placed 
1.51 grams (0.0100 mole) of m-nitrobenzaldehyde, 2.36 grams 
(0.0200 mole) of methylma lonic acid, 1.97 ml. (0.0200 mole) 
of piperidine, 25 ml. of pyridine, and 0.75 gram of ~-methyl­
~-hydroxy-m-nitrohydrocinnamic acid. The reaction mixture 
was heated on a steam bath for twenty two and one-half hours. 
The oarbon dioxide evolution was about 83% {minimum value) 
of theoretical. {One of th~ carbon dioxide absofption bulbs 
was broken before it was weighed. Probably all the pieces 
of the bulb were not wei ghed.) The reaction m!xture was 
added to a mixture of 50 ml. of concentrated hydr,oehloric 
acid and 150 grams of ice. A white preci ~itate was formed. 
The preci p itate was removed by filtration with suction and 
recrystallized from an alcohol-water mixture. The y ield of 
~-methyl-m-nitrocinnamic acid of melting point 201-202° 
was 1.76 grams (85%). The aqueous filtrate after removal 
of the precipitate was extracted with two 100 ml. portions 
of ether. The ethereal solution was extracted with 50 ml. 
of 5% sodium hydroxide, and the alkaline extr a ct acidified 
by adding it dropwise to a mixture of 15 ml. of concentrated 
hydrochloric acid and ten grams of ice . On standing overnight 
at room temperature, the acidified solution yielded 0.35 gram 
of a white crystalline solid with melting point 113.5-116 . 5°. 
Recrystallization from boiling benzene afforded 0 . 31 gram of 
0 
mat erial with melting point 116-117,.5 . The recovery of 
~-methyl-~-hydroxy-m-nitrohydrocinnamic acid was thus 41.4%. 
In a blank run, 1 . 76 grams (0.00850 mole) ofo(-methyl-m-
nitrocinnamic acid, 0 . 75 g ram of o(-methyl-~-hydroxy-m-nitro-
hydrocinnamic acid, 0 . 23 g ram (0 . 0015 mole) of m-nitro-
benzaldehyde, 25 ml . of pyridine, 1 . 97 ml. (0 . 0200 mole) of 
piperidine, and 0.85 gram (0.0115 mole) of propionic acid 
were mixed in a 50 ml. beaker. The clear yellow solution 
was worked up exactly as a bove. The recovery of ~-methyl-
a 
m-nitrocinnamic acid (melting point 200-201 ) was 1.71 grams 
(97.3%). The recovery of ~-methyl-~-hydroxy -m-nit rohydro ­
cinnamic acid (melting point 116-117.5°) was 0.41 gram 
(54.6%). It was NOT necessary to recryst allize the 
~-methyl-~-hydroxy-m-nitrohydrocinnami c a cid. 
2. Attempte d conversion of o1. -methyl-£!-ni t ro-
cinnamia aeid to~-methyl-f-hydroxy-~-nitrohydrocinnamic 
aeid . 
A mixture of 1.51 grams (0 .0100 mo l e) of m-nitro-
benzaldehyde, 2.3 6 grams (0.0200 mole) of methylmalonic 
acid, 2 .78 ml. (0.0200 mole) of triethylamine , 25 ml . o f 
"Special" pyridine, 0 .42 g ram (0.0020 mole) of o<-methyl-
m-nitrocinnamic acid, and one drop (about 0.0020 mole) of 
water was heated on a steam bath for fifty-four hours. The 
earbon dioxide evolution was 87.6% of theoretical. The 
reaction was worke~~p as described in 1 .. The recov e ry of 
~-methyl-m-nitrocinnamic acid wa s 0. 44 gram of material with 
melting point 200-201°. The yield of q-methyl-e-hydroxy-m-
nitrohydrocinnamic acid was 0.89 grams (39.5% ) of material 
with melting point 115-117°. 
3. Attempted reaction of ~-nitrobenzaldehyde 
with propionic acid in the presence of piperidine and 
pyridine. 
A mixture of 1 . 51 grams (0.0100 mole) of m-nitrobenzalde-
hyde, 1.48 grams (0 . 0200 mole) of propionic acid, 1.97 ml. 
(0.0200 mole) of piperidine, and 1 2 .5 ml. of pyridine was 
heated on a steam bath for eighteen hours. The red solution 
was worked up in the usual ma nner. No solid acid was obtained. 
A 2,4-dinitrophenylhydrazone was prepared from the ethereal 
extract. The yield of the 2,4-dinitrophenylhydrazone of m-
nitrobenzaldehyde was 3.29 grams (99.4%) with melting point 
281-282°. 
4. Attempted reaction of m-nitrobenzaldehyde with 
propionic acid in the nresence of N-ethylpiperidine and 
pyridine. 
The same quantitites were used as in 3. except that 2.18 
grams (0.0200 mole) of N-ethylpiperidine was U$ed in place of 
piperidine. The mixture was heated on a steam bath for 
seventeen hours. The amber solution was added to a mixture 
of 25 ml. of concentrated hydrochloric acid and 50 grams of 
ice, the tan precipitate removed by filtration with suction, 
washed with cold water, and dried overnight in a vac~um 
desiccator. The recovery of m-nitrobenzaldehyde was 1.43 
grams (94.8%) of material with melting point 56.5-58°. 
A mixed melting point with authentic m-nitrobenzaldehyde 
(m;p~ 58-59°) showed no depression (m.p. 57-58°). 
5. Attempted preparation of ~ react ion int ermedia.t e. 
a. Attempted preparation of dibenzyl 
benzoylmethylmalonate. 
The procedure followed was similar to that used by 
Bowman (199) for the preparation of benzyl aeylmalonates. 
The apparatus consisted of a 500 ml., three necked, 
standard taper (24/40), round bottom flask fitted with a 
stoppered dropping funnel containing a pres.sure equalizer 
sid.e arm, a condenser topped by a ealc ium chloride drying 
tube, and a motor dr iven precision bore stirrer . The 
system was dried b y flaming. Anhydrous ethanol (115 ml.) 
was placed in the flask and 5 . 75 grams (0.250 gram ato~s) 
of clean sodium .metal added in portions at a rate to ma intain 
gentle refluxing. The solution wa s a llowed to stap.d overn i ght. 
Most of the alcohol was removed by disti·llation using an oil 
bath as source of heat . The condenser was replaced by a 
total condensation--partial take-off head. When the solution 
became viscous ~orne solid present), the system was placed 
under vacuum (1 mm . -oil bath at 160°) and the remainder of 
the ethanol rapidly removed. An off-white "foam" of sodium 
ethoxide was formed. The system was allowed to cool in 
vacuo, and dry air then admitted. A solution of 43.5 grams 
(0.250 mole) of diethyl methylmalonate in 100 ml. of benzene 
(dried over sodium wire) was added over a period of ten 
minutes. After the additi o n was complete, the mixture was 
stirred until all the sodium ethoxide had dissolved (fifteen 
minutes). 
A fractionating column (40Xl.8 ~m., sing le turn g lass 
helice pecked, vacuum jacketed) was placed in the system 
and fitted with the total condensation-partial take-off head. 
Fifty-four grams (0 . 50 mole) of benzyl alcohol (boiling 
potnt 203-205°; re ported ( 200) boiling point 205.4-205. ?.0 ) 
was added to the solution, and the mixture distilled under a 
reflux ratio of 5 : 1 usi ng an oil bath as source of heat. 
0 . 
The benzene-ethanol azeotrope distilled at 68 . After about 
80 ml. of distillate had b~eri collected, the distillation 
became very slow, 50 ml. · of benzene was added and the distil-
lation continued. The boiling point of the distillate gl;'ad-
ually rose to 79° .under a reflux ratio of 10:1. The red-
brown soiution was allo* ed to cool. 
A solution of 56.8 ml. (0 . 500 mole?) of benzoyl chloride 
(Eastman Kodak "White Label" used directly) in 50 ml. of dry 
' benzene was then added dropwise with stirring. The fraction-
ating column was replaced by a condenser . The solution 
became warm but no refluxing was apparent . When about one-
half of the benzoyl chloride solution had been added, the 
solution became glassy and viscous. Fifty ml. of benzene was 
added, and the addition of the benzoyl chloride continued. 
The total time of addition was thirty minutes. The orange-
red mixture was refluxed in an oil bath for thirty minutes 
and allowed to cool . The emulsion lik,e mixture was added to 
250 ml. of an ice -water mixture containing three drops of 
concentrated sulfuric acid . The pH of the resultant mixture 
(pHydrion paper) was 3 . The solution had the odor of benzoyl 
- chloride! The benzene and aqueous layers were separated . 
The aqueous layer was extracted with 100 ml . of benzene and 
the combined benzene solution was dried over anhydrous 
magnesium sulfate for two hours, the drying agent removed 
by gravity filtration through paper, and th~ solvent re-
moved by a flash distillation on a steam bath at aspirator 
pressure. The red-orange residue was distilled through a 
short Claisen head after final removal of so-lvent at 1 ?0° 
'. 
(oil batn) and one mm. pressure: 
Fraction 
1 
2 
3 
residue 
Pot 
160-163° 
163-16?0 
16?-235° 
Refractive 
Boiling Point Pressure Index Weight 
104-111° 0.02mm.~ =1.5251 25 grams 
111.5-1~0° 0.02mm.~ :1.5375 10 grams 
140-180 0.02- ~ =1.5488 3?.4 ·grams 
0.1mm./ n.:S =1.5603 32 grams 
All the material obtained was lost before further 
purification could be attempted. The preparation was not 
repeated for reasons which are discussed in Section III 
(p.m '· 
b. Preparation of diethyl benzoylmethyl-
malonate. 
The procedure through the formation of sodio-diethyl 
methylmalonate was identical with that described in the prep-
aration of dibenzyl benzoylmethylmalonate (5.a.). The 
condenser was replaced by a total condensation--partial take-
off head. The solution ' was distilled in an oil bath until 
the temperature of the distillate reached ?9°. About 250 ml. 
of distillate was collected. As the distillation proceeded, 
fresh benzene (200 ml . ) was gradually added through the 
dropping funnel . The solution was allowed to cool, and a 
solution of 26.1 ml. (0.230 mole) of benzoyl chloride 
(Eastman Kodak "White Label" used directly) in 50 ml. of 
benzene was added dropwise with stirring over a period, of 
fifteen minutes. The "jelly-like" mixture was refluxed for 
one hour and allowed to cool. The brown mixture was added 
to a mixture of 250 grams of ice and ten ml. of concentrated 
sulfuric acid. The pH (pHydrion paper) of the resul~ant 
mixture was 4. The ben zene and aqueous layers wer~ separated, 
the aqueous layer extracted with 100 ml. of benzene, and the 
combined benzene solutions washed with 100 ml. of water, 
100 ml. of 5% sodium hydroxide, and finally with 100 ml. 
of water. The solution was dried over anhydrous magnesium 
sulfate for one hour, the drying agent removed by gravity 
filtration through paper, end the solvent removed by a flash 
distillation. After preliminary removal of final traces of 
solvent (steam bath-lmm. pressure), the yellow-orange residue 
was distilled through a 25 em. glass wool wrapped Vigreux 
column using an oil bath as source of heat: 
Fraction 
1 
2 
Pot 
130-173° 
173-180° 
180-185° 
Boiling Point Pressure 
Refractive 
Index 
45-118° 
117-118° 
134-134.50 
~ 0.03mm. ~-=1.4231 
0 .03mm:trt;=L4955 
O.lOmmJ 
Weight 
4. 9lgrams 
40.2grams 
The yield of diethyl benzoylmethylmalonate was 40.2 
grams (55.2%) of a clear, colorless, viscous liquid. 
Anal. Calc d. for C"'H1,.o.s : C , 54. 7; H, 5. 5 
Found ! C, 54.7 ; H, 5 . 5 
(i) Attempted reduction of diethyl 
benzoylmethylmalonate with sodium borohydride. 
A solution of 3 . 78 grams (0.0100 mole) of sopium borohyd-
ride (Metal Hydrides Lot No. 15) in 50 ml. of methanol was 
added in one ml. portions to a solution of 13.9 gr~ms 
(0.0500 mole) of diethyl benzoylmethylmalone.:te iri. 30 ml. of 
methanol. The addition took thirty minutes. The t~mperature 
of the reaction mixture was maintained below ·25° yli"th cooling 
in an ice-water bath. After the addition was compl-ete, the 
lightly yellow solution was allowed to stand ~t room temper-
ature for ninety minutes. The pH of the solution after 
standing was 12! The solution was acidified to pH 2 with 
5% hydrochloric acid, the methanol removed by blowing a 
stream of air over the surface of the solution at room temp-
erature, and the light yellow solution extracted with one 
100 ml. and one 50 ml. portion of ether. The ethereal 
extract was dried over anhydrous magnesium sulfate for two 
hours, the drying agent removed by filtration with suction 
through a sintered glass funnel, and the ether removed by 
blowing a stream of air over the solution at room temperature. 
The residual mixture of solid and oil was dissolved in a 
hot alcohol-water mixture and allowed to stand in a refrig-
erator for one week. An oil separated. 
Sufficient alcohol was added to the mixture to dissolve 
the oil, 58.2 ml. (0.100 mole) of 1.?2 N potassium hydroxide 
added, and the solution allowed to stand at room temperature 
for two days. Titration of an aliquot of the solution with 
standard sulfuric acid using phenolphthalein as the indicator 
indicated that 94.5% of the potassium hydroxide had reacted. 
The alcohol was removed by blowing a stream of air over the 
solution at room temperature, the aqueous solution extracted 
with 100 ml. of ether and then ac-idified with co.npentrated 
hydrochloric acid. The acidic solution was e-xtracted with 
100 ml. of ether, the ether extract extracted with 50 ml. of 
5% sodium hydroxide, and the alkaline solution acidified 
with concentrated . hydro_chloric acid. The white crystalline 
plates which separated were removed by suction filtration, 
washed with cold water, and air dried. ·The yield of material 
with melting point 120-121° was 0.68 grams (11.1%). A mixed 
melting point with authentic benzoic acid (m.p. 120-120.5°) 
showed no depression (m.p. 120-121°). 
(ii} Attempted reduction of diethyl benzoyl-
methylmalonate with palladium on charcoal. 
A mixture of 0.10 grams of 10% palladium on charcoal 
and 25 ml. of commercial absolute alcohol was prehydrogenated 
for two hours. One-hundredth of a mole (2.78 grams) of 
diethyl benzoylmethylmalonate was added, and the mixture 
hydrogenated for two hours. The hydrogen absorption was 106% 
of theoretical for one mole. The hydrogenation was arbitrarily 
stopped . The absorption of hydrogen had not become slow. The 
catalyst was removed by filtration with suction through a 
sintered glass funnel, washed with three five ml. portions of 
alcohol, and the ethanol removed from the clear filtrate by 
distillation on a steam bath at aspirator pressure . The 
faintly yellow residue had the odor of benzaldehy~e. An 
infra-red absorption curve of the residue showed no absorp-
tion bank in the 3530 cm-1 (hydroxyl) region, and the presene e 
of two bands ( 1701 em-', 1689 em_,) in the carbonyl region. 
A 2,4-dinitrophenylhydrazone derivative wa~ prepared 
from the residueo The yield of yellow solid with melting 
point 233 o5-234 o5° was lo78 grams (62.2%). The reported (201) 
melting point of the 2,4-dinitrophenylhydrazone of benalde-
hyde is 238-239°0 
In a second hydrogenation, the quantities used were the 
same as above. The hydrog en absorption was 103% of t heoret-
ical for t wo moles after twenty-two and one-half hours. The 
absiDrption of hydrog en ha d stopped. The cat alyst was removed 
by suction filtration and the alcohol removed by distillation 
at room temperature at aspirator pressure. An infra-red 
absorption curve of the residue showed an absorption band at 
3534 em -I (hydroxyl), no band in the 1700 cm-l (carbonyl) 
region, and was identical in a ll respects with an infra-red 
absorption curve of a molar mixture of benzyl alcohol and 
diethyl methylmalonate o 
60 Attempted isolation of an intermediate from 
the ~tion of methylmalonic acid with benaldehyde. 
A mixture of 2 ol2 grams (0 . 0200 mole) of benzaldehyde, 
2.36 grams (0.0200 mole) of methylmalonic acid, 1.97 ml. 
(0.0200 mole) of piperid i ne , and 25 ml . of pyridine was heated 
on a steam bath for ten minutes o The ca rbon dioxide evol-
ution was 0.37% of theoretical. The reaction mixture was 
added to a mixture of 50 ml . of concent rated hydrochloric acid 
and 100 grams of ice 7 a nd the acid solution immediately ex-
tracted with two 100 ml o port ions of et her o Th·e ethereal 
solution was extracted with 50 ml. of 5% -sodi'Um hydroxide, 
the sodium hydroxide extract acidified ·with a mixture of 
25 mlo of concentrated hydrochloric acid and 50 g~ams of ice, 
and the white soli d whi ch formed recrystallized from an 
alcohol-water mixture . 
The yield was 0 . 51 gram (18.9%) of material wit h melting 
point ?9-80° . A mi xed melting point with auth~ntic trans 
ormethylcinnamic acid (m.p . 80 - 81°) showed no depression 
(m.p. 80-81°). 
The benzaldehyde pre~ent in the ethereal solution was 
recovered as benzoic acid as previously described (p. 1?0). 
The yield of benzoic acid with melting point 120-121° was 
1.98 grams (81 . 2%) . 
? • Attempted · isolation 2..f: ~ i ntermediate from 
· the reaction; of ,!!!-nit robenzaldehyde with methylmalonic acid 
~ ~ temperature . 
A solution of 3 . 02 grams (0 . 0200 mo l e) of m-nitrobenz-
aldehyde and 2 . 36 grams (0 . 0200 mole) of methylmalonic acid 
in twenty ml . of commerical absolute alcohol was cooled in 
an ice-water bath . Two hundredths of a mole (1 . 97 ml . ) of 
piperidine was a dded and the yellov..1 s olution allowed to st and 
at room temperature for one day . The s o lvent was removed at 
aspirator pressure at room temper ature a nd the verr viscous, 
glass like residue wa s allowed to stand at room temperature 
for forty-five weeks . Fifty ml . of 10% hydrochloric acid was 
added and the off-white precipitate removed by filtration with 
suction and dried overnight in a vacuum desiccator. The 
yield of Q( - methyl-m-nitrocinnamic acid was 1 ;59 grams (38.4%) 
of materia-l with melting point 198-200°. The f'iltrate was 
continuously extracted with ether for :- ·two days. The yellow 
ether extract was extracted with 50 ml. of 5% sodium hydroxide, 
the alkaline solution acidified with a mixture of 25 ml. of 
concentrated hydrochloric acid and 50 grams of ice, and the 
acidic solution extracted with two 100 ml. and one 25 ml. 
portion of ether. The ethereal solution was dried over anhyd-
rous sodium sulfate for two hours, the drying agent removed 
by suction filtration, and the ether removed by blowing a 
stream of air over the solution. The yellow oil ~esidue was 
dissolved in hot benzene, petroleum ether added, and the 
cloudy solution cooled in a refri gerator overnight. The 
light yellow solid (1 . 46 grams) which separated was re-
crystallized twice from boiling benzene yielding 1.26 grams 
(53.4%) of material with melting point 130-132° (dec.). A 
mixed melting point with authentic methylmalonic ac id 
(m.p. 133-134°(dec.)) showed no depression (m.p. 130-133°(dec.)). 
8 . The rate of carbon dioxide evolution in the 
simple decarboxylation of methylmalonic acid and in the 
Doebner process . 
Crude kinetics were run in the usual apparatus. 
Zero time was taken as the time the steam bath was turned 
on. The carbon dioxide absorption bulbs were changed at 
measured time intervals. (It takes approximately three 
seconds to change a bulb . } The weight of carbon dioxide 
at infinite time was taken as proportional to the initial 
concentration of methylmalonic acid. The weight of carbon 
dioxide evolved at time t was taken as proportional to the 
decrease in methylmalonic acid concentration in timet. 
In runs I and II, the rate of carbon dioxide evolution 
from a solution of 2.35 grams (0.0200 mole) of metpylmalonic 
acid in 12.5 ml. of "Special pyridine" at steam beth temper-
ature was measured. In runs III and IV, the rate of carbon 
dioxide evolution from a m-nitrobenzaldehyde-methylmalonic 
acid-pyridine system was measured. In run V the rate of 
carbon dioxide evolution from a methylmalonic acid-piperidine-
pyridine system was measured. ·while in run VI , . ~ - 01-et: rate of 
carbon dioxide evolution in the Doebner process was measured. 
The data on carbon dioxide evolution is g iven on the 
following page • 
P. Miscellaneous 
1. Repetition of Rodionow work. 
The reaction of benzaldehyde with methylmalonic acid 
in alcoholic ammonia solution is reported (114) to yield 
"an unsaturated nitrogen free acid~ with melting point 
173° (dec. ) . 
Alcoholic Ammonia: 
Anhydrous ammonia (DuPont) was bubbled through commer-
cial absolute alcohol for two hours. Titration of the 
solution with standard acid using methyl o~ange as the 
indicator showed the solution to contain 4.45% ammonia. 
A mixture of 2.35 grams (0.0200 mole) of methylmalonic 
acid, 2.12 grams (0.0200 mole) of benzaldehyde, and 20 grams 
4.45% alcoholic ammonia (0.52 mole of ammonia) was refluxed 
on a steam bath for twenty-six hours. On initial warming of 
the mixture, there was a very rapid evolution of ·g-as, and the 
250 
Data on the rate of carbon dioxide evolution in the 
simple decarboxylation of methylmalonic acid and i n the 
Doebner process: 
Run I Run II 
Time ;..log Time -log 
(min.) \'4: 1£o -~ ('L, -'14. ) (min.) w~ VL,-V\4: (lfio -Wt. ) 
0 0 0 .$4.0 0 0 076 0 0 0.822 0.085 
60 0.074 0 ·• ?67 0 0115 75 Ool92 0 . ,630 0.201 
120 0.382 0.459 0.339 90 0.254 O • .B68 0.246 
135 0.442 0 0 3.99 0 . 399 105 0.325 0.497 0.305 
150 0.499 0.341 0.467 120 0.390 0.432 0.365 
165 0.548 0.~92 0.534 135 0.449 0.373 0.428 
180 0.592 0.248 0.605 150 0.501 0.321 0.494 
195 0.629 0.212 0.674 165 0.546 0.276 0.560 
210 0.662 0.179 0.748 180 0.585 0.237 0.624 
240 0.714 0.127 0.898 195 0.618 0.203 0.692 
270 o. 750 0.090 1.046 210 0.648 0.174 0.760 
24 0.840 240 0.692 0.130 0.885 
hours) 22 0.822 
(hours) 
Run III Run IV 
15 0 1.637 -0.214 0 0 0.834 0.079 
30 0.112 1.525 - 0.183 40 0.033 0.802 0.096 
45 0.347 1.290 -0.111 70 0.176 0.658 0.192 
60 0.562 1. 075 - 0.031 130 0.456 0.378 0.422 
90 0.883 o. 754 0.123 150 0.522 0.313 0.505 
120 1.119 0.518 0.286 165 0.567 0.268 0.572 
150 1.279 0.358 0 . 446 180 : 0 0 603 0.231 0.637 
180 ,l..391 0.246 0 . 609 210 0.664 0.170 0.769 
210 1.·469 0 . 168 0.775 310 0.740 0.095 1.024 
240 1.522 0.115 0.939 24 0.834 
300 1.584 0 0 053 .. 1.276 (hours) 
11 1.637 
hours) 
251 
Run V Run VI 
Time -log Time -log 
( hrs. ) W-t_ w_-Wt (~ -Wt.) (min.) Wt WIIO - Wt: ( V(,o - Wt ) 
J 0 0.818 0.087 0 0 0.845 0.073 
1 0.005 0.813 0.090 35 0.037 0.808 0.092 
2 0.064 0.754 0.123 90 0.256 0.590 0.229 
3 0.176 0.642 0.192 135 0.398 0.448 0.349 
~ 0.310 0.508 0.294 150 0.443 0.403 0.395 
5 0.409 0.409 0.388 165 0.478 0.367 0.435 
3 0.497 0.322 0.493 180 0.508 0.338 0.472 
5.5 0.534 0.284 0.546 195 0.536 0.~10 0.509 
7 0.5?1 0.247 0. 50.? 210 0.560 0.285 0.545 
7.5 0.598 0.220 0.558 225 0.583 0.263 0.580 
8.4 0.638 0.180 0.?44 260 0.627 0.219 0.660 
11.75 0.?42 0.0?? 1.111 300 0.669 0.176 o. ?53 
23.5 0.818 330 0.694 0.151 0.820 
360 0.716 0.130 0.888 
24.5 0.846 
(hours) 
i. 
formation of a white precipitate. After the ref~uxing period 
a small amount of white solid remained in the light yellow 
solution. The alcohol was removed by distillation on a steam 
bath, the re~idue dissolved in 20 ml. of 5% sodi~m hydroxide, 
the alkaline solution extracted with 50 ml. of ether, and 
then acidified with a mixture of ten ml. of concentrated 
hydrochloric acid and 20 grams of ice. The white precipitate 
was removed by filtration with suction, washed with 50 ml. 
of cold water, and air dried. The yield was 0.52 gram of 
material with melting point 75-77°. The solid was recryst-
allized from an alcohol-water mixture to give 0.57 gram 
(17.6%) of material with melting poiht 79.5-80.5°. A mixed 
melting point with authentic trans Q-methylcinnamic acid 
(m.p. 80-81°) showed no depression (m.p. 79.5-81°). 
2. Effect of lowering the reaction temperature 
£a the reaction of methylmalonic acid with ~-nitrobenzaldehyde. 
A mixture of 3.02 grams (0.0200 mole) of m-nitro-
benzaldehyde, 2.36 grams (0.0200 mole) of methylmalonic acid, 
1.97 ml. (0.0200 mole) of piperidine, and 25 ml. of pyridine 
was heated at 50°:t2° in an electrically heated water bath 
for t~n days. The carbon dioxide evolution was 91.5% of 
theoretical. The yield of a( -methyl-m-nitrocinnamic acid 
was 2.85 grams (59%) of material with melting point 200-
201°. 
3 • 
1\GIJ) . 
Stability of various cinnamicrproducts to the 
reaction conditions. 
a. St ebility of ~-methyl-p-hydroxycinnamic 
acid to the reaction conditions. 
A solution of 0.79 gram (0.0044 mole) of o<-meJJ:lYl-p-
hydroxy-cinnamic acid, 0.85 gram (0.0100 mole) of piperidine 
and 0.74 gram (0.0100 mole) of propionic acid in 12.5 ml. of 
pyridine was heated on a steam bath for twenty-~hree hours. 
The carbon dioxide evolution was ~.5% of theoretical. By 
means of the usual isolAtion technique, 0.70 gram (89.6%) 
of ~-methyl-p-hydroxycinnamic acid was recovered. 
b. Stability of ~-methyl-o-nitrocinnamic acid 
to the reaction conditions. 
A solution of 1.03 grams (0.00500 mole) of ~-methyl-o­
nitrocinnamic acid, 0.74 gram (0.0100 mole) of propionic acid 
and 0.85 gram (0.0100 mole) of piperidine in 12.5 ml. of 
pyridine was heated on a steam bath for sixteen hours. The 
carbon dioxide evolution was 1.4% of theoretical. The re-
covery of o(-methyl-o-nitrocinnamic acid was 91.3% (0.94 gram). 
4. Additional work with ~,~-dichlorobenzaldehyde. 
a .r Preparation of 2 ,~-di chloro benzaldoxime. 
The preparation was identieal with that of Meisenheimer 
et al ( 202) . 
In a 100 ml. flask was placed 1·.5? grams (0.0226 mole) 
of hydroxylamine hydrochloride (Eastman Kodak "White Label''), 
20 ml. of water, 1.23 grams (0.0116 mole} of sodium carbonate, 
1.7? grams (0.0100 mole} of 2,6-dichlorobenzaldehyde, and 
40 ml. of alcohol. The solution was refluxed on a steam 
bath for four hours, the alcohol removed by distillation on 
a steam bath until solid appeared and the solution cooled in 
an ice-water bath. The l a rge white crystals which separated 
I 
were removed by filtration with suction and dried overnight 
in a vacuum desiccator. The yield was 1.89 gtams (99.7%) of 
material with melting point 147.5-148.5°. The reported 
(202) melting point of 2,6-dichlorobenzaldoxime is 149-150°. 
b. Stability of ~,6-dichlorobenzaldehyde to 
the reaction conditions . 
A mixture of 1.75 grams (0.0100 mole) of 2,6-dichloro-
benzaldehyde, 1.70 grams (0.0200 mole) of piperidine, 1.48 
grams (0.0200 mole) of propionic acid, and 25 ml. of pyridine 
was heated on a steam bath for forty-three hours. The dark 
brown mixture was added to a mixture of 25 ml. of concentrated 
hydrochloric acid and 50 grams of ice. The solution was 
extracted with two 100 ml. portions of ether. There was a 
large amount of ether insoluble black solid present. The 
ether was removed on steam bath and the brown tar treated as 
in a .• The brown tar was used in place of 2,6-dichlorobenz-
aldehyde. No 2, 6-dichlorobenzaldoxime was obtained. 
c. Reaction of ~~~-dichlorobenzaldehyde with 
methylmalonic acid in the presence of ~ trace of piperidine. 
A mixture of 1 . 77 grams (0.0100 mole) of 2,6-dichloro-
benzaldehyde, 2.36 grams (0 . 0200 mole) of methylmalonic acid, 
four drops of piperdine, and 12.5 ml. of pyridine 1was heated 
on a steam bath for six hours. The carbon dioxide evolution 
was 100.5% of theoretical. Working up in the u·sJ,J.al manner 
afforded 0. 21 grams ( ~0%) of ~-methyl-2, 6-di chlorocinnamic 
acid with melting point 154-155°. 
The neutral ethereal fraction was evap~ted (steam bath) 
and then treated as in a .. The yield of 2,6-dichlorobenz-
aldoxime of melting point 146-148° was 0.74 gram~ (38.9%). 
V SUGGESTIONS FOR FUTURE WORK 
A. Synthetic Applications. 
The major portion of the present work has deve~oped a 
superior method for the preparation of trans ~-alkyl c innamic 
acids. The following applications of the method are ones 
in which only preliminary work (or no work) has been done. 
(1) The reaction of tartronic acid (hydroxymalonic 
acid} with aldehydes. This reaction should be of importance 
in the preparation of substituted pyruvic acids, substituted 
acetic acids, and perhaps in increa sing the length of an 
aldehyde chain. 
For example: 
(2) The preparation of «-amino acids from the reaction 
of a ldehydes with aminomalonic acid, acetamidomalonic a cid, 
or ethyl hydrogen acetamidomalonate. 
(3) The reactions of a ldehydes with ~-keto acids, 
cyanoacetic acids, c~rbethoxyacetic acids, and other active 
hydrogen containing compounds. 
(4) A more exhaustive study of the reactions of 
aliphatic aldehydes should be made. 
B. Mechanis.tn. 
The following work would give additional information 
on the mechanism of the reaction . 
(1) The effect of drying agents on the reaction~ 
(2) Possible concentration effects in the reaction .. 
(3) The isolation of a reaction intermediate. 
(4) A kinetic study of the reaction. It is suggested, 
that perhaps the best method to follow the reaotion is to 
~ ~ F~Tl~ OF TJfE ~ .. S~ T~ M()J)&AC1'"5 I+AVE 
A characteristic ultra-violet absorptions, this tool would 
probably be satisfactory. 
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ABSTRACT 
The primary purpose of the present work was the extension 
'TO MD~~1465"TtTttTED l'lf!LO.<liC. A-tt.D:.. lHc=: VOI?-8\loo~ H8l'JfJCIJ.TJOJJ 
of the Doebner modification of the Kno-evenagel reactiorlfl-
has been limited in the past to the reactions of malonic aoid 
with aliphatic and aro~atic aldehyde~ .... lllllllllllll 
malonic acids. Since the poebner modification of the Knoeven-
agel reaction usually gives high yields ofe( ,~·unsaturated 
acids directly, it was hoped that extension to monosubstitu-
ted malonic acids would make available a general and possib~ 
superior method of preparing o<-aubstituted ""'~-uns•turat·ed 
acids. 
The reaction of benzaldehyde and ethylmalonie acid in 
pyridine solution in the presence of piperidine was studied 
in an effort to find acceptable general conditions for the 
reaction. The conditions found s~tisfactory involved treat-
ing ethylmalonic acid and piperidine in equimolar amounts 
dster;.""' 
with benzaldehyde in pyridine solvent/\bath temperature. The 
molar ratio of ethylmalonic acid to benzaldehyde was two to 
one. These conditions were applied to the reactions of 
methylmalonic acid with twenty-nine aromatic aldehydes. The 
yields of ~-methyleinnamic acids were generally excellent• 
and were superior in all casesa to those reported using other 
preparative methods. The electronic nature of the ring 
JA.I lJ!i"s. T I frft~ 
substituent of the aldehyd~• . .. . did not markedly 
influence the yields of~-methylcinnamic acids. There 
appeared to be a tendency toward improved yields when electron 
withdrawing groups, e.g., nitro, ohloro, bromo, were present 
in the benzenoid nucleus. At least in the two cases tested 
viz., 2,4,6-trimethylbenzaldehyde e.nd 2,4,6-trimethyl-3,5-
. - · 
~in;trobenza~dehyde, the presence of two ortho methyl groups 
resulted in a decreased yield. 
The study w1,s extended to include various other malonic 
acids. The method was found to be of general a'Pplice.bility 
to straight chain monoalkyl substituted malonic acids 
(methyl, ethyl, allyl, butyl and undeoenyl ma.lonio ao id). 
The desired products were not obtained in the attempted 
reactions or isopropylmalonio acid, phenylmalonio acid, 
and ethyl hydrogen a,cetamidomalonate with aromatic aldehydes. 
The reaction or tartronic acid (hydroxymalonio acid) with 
aromatic aldehydes afforded an elegant synthesis 
of phenylpyruvic acids. 
A brief investigation of the reactions of aliphatic 
aldehydes with methylmalonio acid indicated that the reaction 
was also applicable to aliphatic aldehydes. A major diffi-
culty in this study was the ease of polymerization of the 
aldehyde under the reaction conditions. 
In the course of the present work, approximately thirty-
five new compounds were prepared. These products might be cis 
(acid group and benzene ring on the same side of the double 
bond) or trans cinnamic a~ids. 
that by a comparison of the infra-red and /or ultra-violet 
absorption spectra of a few cis-trans pairs it would be 
possible to obtain generalizations which would enable the 
assignment of cis or trans O(l)n.figu.ration to be made .from the 
ab~orption spectra o.f one isomer. However, only one cis-trans 
pair, the two «-methylcinnamic acids, could be obtained. Two 
isomeric ~-methyl-3,4-dimethoxycinnamic acids are repCi>rted to 
be obtained .from a sequenee involving the Re.formatsky reaction 
Ci>.f veratraldehyde and ethyl ~-bromopropionate. In a repetition 
of this work, three acidic materials were obtained: ~-methy-
3,~imethoxyc1nnamic acid (probably trans) and two dimeric 
acids. With only one cis-trans pair available, it wal!l 
necesl!le.ry to Ul!le previously reported work .for the assignment 
o.f con.figuration. The compounds obtained in this work 
correspond, in all cases where comparisons are pGssible, with 
the trans isomerl!l. The products o.f the present work were, 
therefore, assigned the trans con.figuration. 
The products o.f the reaction o.f allylmalonio acid with 
aromatic aldehydes were demonstrated tQ be ~-allylcinnamic 
acids by virtue of the .formation o.f .formaldehyde on ozonolysis 
(presence o.f a terminal vinyl group) and the similarity o.f 
their ultra-violet absorptions with the corresponding 
~·methyl compounds. 
The e.f.fect of water on the reaction was studied both by 
adding water to the reaction mixture and by adding "Drierite" 
to the reaction mixture. The addition o.f water was .found to 
sharply decrease the yields, while the addition o.f "Drierite" 
significantly improved yields. 
In a study o.f the ef.fect o.f base on the reaction, it 
was .found that no product was obtained in the attempted 
reaction of m-nitrobenzaldehyde with methylmalonic acid with 
pyridine as the only base present. On the other hand, 
m-nitrobenzaldehyde and unsubstit~ted malonic acid gaTe 
satis:factery yields o:r m-nitroeirm.amic acid with pyridine 
as the only base present. In the presence o:r secondary 
amines, m-nitrobenzaldehyde and methylmalonic acid reacted 
to give exoellant yields of ~-methyl-m-nitroeinnamic acid, 
while in the presence of aliphatic tertiary amines, the 
exclusive product was ~-methyl-~-hydr0xy-m-nitrohydrocinnamio 
acid. ~-Methyl-@-hydroxy-m-nitrohydroeinnamic acid and 
~-methyl-m-nitrooinnamic acid have been shown to arise h1 
dif:ferent paths. Since it is reasonable to expect the for-
mation of ~-methyl-~-hydroxy-m-nitrohydroeinnamic acid to 
occur through an aldol-type intermediate, the process leading 
to the formation o:r ~-methyl-m-nitro· 5 I cinnamic acid -.6.uurs 
through a di:fferent process. It is suggested that the 
general reaction considered in this work proceeds through a 
Mann1oh base intermediate. Attempts to prepare a reaction 
intermediate, or to isolate en intermediate from the reactionJ 
were unsuccessful. 
An introductory kinetic study of the reaction of m-nitro-
benzaldehyde with methylmalon~c and piperidine in pyridine· 
solution was carried out. The carbon dioxide evolution was 
used as a means of following the reaction. Carbon dioxide 
comes from at least two sources, and consequently a eompli-
cation is introduced when carbon dioxide evolution is 
utilized for following the rate of :formation of~-methyl-m-
nitrccinnsmic acid. 
In summary , the ac cor!lplisbments of the present work Bre: 
1. A new and superior gpnerAl met hod for t he prepara-
tion of ~-substituted (I( ,e-unsaturated !:tC ids has been dev e lo1)ed. 
Extensions of this met hod include t he preparati on of phenyl-
pyruvic acids. 
2 . Information pert a inin~ to mec hanism has been obtained. 
A mec hAni sm involving A Mannich base intermediate has be en 
pro posed for the react i ons of aldehydes with mono substituted 
ma lo ni c ac ids. 
3. The pr Asent 1No r k sugrests ot her synthetic ap-plice-
t ions o t e ~enere l re~ct i c n s of alaehyd es wi th ac t ivated 
~-hydrof en c o p nd s end further mechanism stud ies. 
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